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- — In  an  effort  to  better  understand  the  probleas  and 
advantages  of  utilizing  coasercial  contract  service  support 
for  coaplez  military  electronics  systems,  the  aathor  seeks 
to  analyze  a  large  electronic  eguipaent  manufacturer’s 
inventory  aanageaent  system  as  it  is  used  to  support  a  field 
service  division.  I  cost  analysis  of  plausible  shipping  and 
storage  strategies  is  performed.  The  coaplezities  of 
adapting  a  aaterial  requirements  planning  systea  to  provide 
iaproved  inventory  aanageaent  for  the  unscheduled  demands  of 
a  service  organization,  are  discussed. 

The  report  includes  a  series  of  memorandums  to  the 
company  recoaaending  pragmatic  solutions  to  the  probleas. 
The  company  has  iapleaented  the  recommendations.  <- — - 
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I.  IN  TRODPCTION 


i.  BACKGROUND 

As  a  Naval  Aeronautical  Maintenance  Duty  Officer,  ay 
assignment  prior  to  the  Postgraduate  School,  was  as  a  Fleet 
aviation  Maintenance  facilities  sanager.  As  such,  I  becaae 
involved  in  negotiating  for  contractor  support  of  Aircraft 
Support  Equipment.  I  aa  convinced  that  the  future  will  see 
an  increasing  role  in  contractor  support  for  aany  of  the 
Navy's  sophisticated  and  highly  specialized  automated  test 
systeas. 

After  dealing  with  this  problea  froa  the  Navy  side,  I 
becaae  increasingly  aware  of  ay  own  lack  of  knowledge  of  the 
contractor's  methodology  and  capabilities  to  provide  such 
support.  Hy  Navy  counterparts  and  I  tend  to  look  at 
contractors  as  operating  in  a  mythologically  ideal  logistics 
environment,  that  is  incapable  of  responding  to  the 
intricate  problems  of  fleet  logistical  support. 

Hy  primary  intent  is  to  learn  how  a  major  industrial 
fira  handles  its  logistics  problems,  specifically  those 
relating  to  the  field  service  area.  If,  during  that  process 
I  can  become  involved  in  analyzing  and  solving  some  "real 
world"  problems  then  all  the  better.  A  major  goal  is  to 
ensure  that  my  efforts  will  compensate  the  Company  for 
investing  their  time  and  energy  in  me.  The  final  result 
will  be  that  the  educational  process  is  served. 

B.  THE  COMPANY 

Through  a  series  of  uncoordinated  and  unpredictable 
events,  I  came  into  contact  with  the  managers  of  a  large 
company  located  on  the  San  Fancisco  Penninsula.  For  reasons 
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of  confidentiality,  I  shall  call  it  "Kelly  Incorporated",  or 
sore  sieply,  "the  coapany".  Kelly  Incorporated  is  a  Fortune 
500  electronics  aanufacturing  and  high  technology  develop- 
aent  firs.  The  Coapany  is  divided  into  groups,  aost  of 
which  do  a  great  deal  of  Government  contract  buisiness 
including  follow-on  service  support.  In  order  to  avoid  any 
seablance  of  conflict  of  interest  or  personal  bias,  I 
selected  a  Group  which  produces  highly  sophisticated  radia¬ 
tion  aachinery  used  priaarily  in  aedical  applications.  A 
variant  is  also  being  produced  for  heavy  industrial  applica¬ 
tions.  soae  of  these  are  in  use  in  Navy  shipyards,  but  it 
reaains  priaarily  a  public  sector  business. 

Approximately  874  aachines  have  been  produced  and  sold. 
There  is  a  Field  service  Division  which  currently  employs 
seventy  three  field  service  personnel  and  provides  aainte- 
nance  and  service  support  on  a  contract  basis  throughout  the 
world.  The  Manufacturing  Division  is  tasked  with  providing 
parts  support  to  the  field  service  organization,  and  sells 
parts  for  independently  maintained  eachines  both  within  the 
United  States  and  overseas. 

At  the  begining  of  the  project,  November  1981,  most  of 
the  approximately  4800  line  items  of  inventory  were  carried 
at  the  plant  site  in  Palo  Alto.  Two  smaller  inventories 
were  carried  at  the  regional  service  centers  in  Atlanta  and 
Chicago.  Previously,  approximately  seven  percent  of  the 
total  inventory  was  spread  out  aaong  other  disbursed  loca¬ 
tions  such  as  Los  Angeles,  Dallas  and  Washington,  D. C.,  but 
these  sites  have  been  phased  out.  The  inventory  data  for 
these  sites  was  ignored  as  it  was  felt  to  be  obsolete  by  the 
Inventory  Manager. 

Division  aanageaent  is  becoaing  increasingly  aware  of 
customer  dissatisfaction  and  lost  service  contracts  caused 
by  delays  in  the  parts  support  systei.  The  production  line 
is  being  cannibalized  to  fill  eaergency  field  service 
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requirements,  which  can  ns  t  be  set  by  service  support  or 
aanuf acturing  inventories.  She  Division  Manager  has 
directed  that  service  support  stock  be  increased  to  cover 
four  aonths  average  deaand.  This  was  originally  directed 
for  parts  which  are  no  longer  utilized  by  the  Manufacturing 
Division.  Parts  for  equipment  currently  in  production  were 
to  be  stocked  at  a  two  month  demand  level.  To  avoid  delays 
and  mix  ups  in  determining  parts  applications,  the  policy 
was  simplified  to  four  aonths  stock  for  all  items.  The 
stock  is  being  divided  between  each  of  the  three  regional 
stockrooms,  in  accordance  with  their  relative  average 
demands. 

The  machines  involved  are  costly,  some  approaching  one 
million  dollars  each.  Pai lures,  particularly  those  in 
medical  applications  are  extremely  critical,  and  result  in 
highly  emotional  and  expensive  delays.  The  Company  is  very 
concerned  with  providing  rapid  and  reliable  response  to 
emergency  service  requests.  It  is  considered  important  to 
ensure  customer  satisfaction  with  the  existing  service 
contracts,  in  order  to  retain  them  as  potential  customers 
for  new  and  more  sophisticated  product  lines. 

C.  OBJECTIVES 

The  researcher  in  this  study  was  asked  to  provide  an 
analysis  of  current  and  proposed  service  support  procedures. 
The  areas  of  analysis  will  be  as  follows: 

(1)  location  and  relative  size  of  the  inventory  points. 

(2)  Alternative  methods  for  shipping  required  parts  to  the 
field. 

(3)  Inventory  control  procedures. 

(4)  Methods  for  projecting  usage  requirements. 

(5)  Integration  of  service  requirments  into  the  material 
planning  functions  of  the  Manufacturing  Division. 
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A  comparison  of  the  relative  costs  and  effectiveness  of 
any  feasible  alternatives  will  be  provided.  Becoasended 
courses  of  action  will  be  delineated  where  warranted. 

D.  POBHAT 

The  project  proceeded  in  three  stages  or  sequential 
studies: 

(1)  Analysis  of  various  inventory  and  shipping  techniques 
utilized  in  support  of  Field  Service  operations. 

<2)  Haterial  Planning  for  service  Support 

(3)  Implementation  of  Bate  rial  Requirements  Planning 

Bach  stage  culainated  in  a  memorandum  to  the  Division 
manager.  The  are  presented  in  Appendixes  A,  B  and  C.  1 

A  description  of  the  methodology  used  in  each  of  the 
studies  is  included  as  Chapter  II.  Chapter  III  provides  a 
summary  of  the  findings.  Chapter  IF  contains  a  description 
of  the  process  of  implementing  the  recommended  system  modi¬ 
fications.  Chapter  7  consists  of  some  conclusions  and 
comments  on  application  to  Defense  contracting  policies. 


*  The.  pfao  randans .  have  been,  edited  t 


coapatabif?ty”yJth  ^t££  thesis  format"  ah<J  to  ‘protect  the 


improve  their 

_ _  _ _  _o  protect  the. 

Some  corrections  have  been. made 


CoiSany's  confidentiality.  - - - - -  - - . — 

to  the  narative  portions.  However,  the  content  remains 
essentially  the  same  as  it  was  presented  to  the  Company. 
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ii.  S2U£&2L2fi! 


A.  AIALTSIS  OP  Iff 2HTOBT  LOCUIOI  STRATEGIES 

In  response  to  the  invitation  to  look  into  the  Company's 
service  support  procedures,  a  few  days  vere  spent  observing 
the  operation.  The  sost  intuitively  obvious  area  for 
possible  isproveaent  appeared  to  be  in  evaluting  the  heavy 
reliance  on  air  frieght  express  forwarders  to  aeet  high 
priority  deaands.  Nearly  all  requests  received  during  the 
initial  observation  period,  resulted  in  a  relatively  expen* 
sive  express  shipaent  to  the  service  location.  The 
frequency  of  cases  where  the  oost  of  the  shipaent  exceeded 
the  dollar  value  of  the  iteas  shipped  seeaed  excessive.  It 
was  deterained  that  a  coaparative  analysis  of  the  various 
options  for  stocking  and  shipping  the  required  parts,  should 
be  undertaken. 

Appendix  A  is  a  aeaorandua  to  the  Banufacturing  Banager 
analyzing  the  various  options  for  disburseaent  of  the 
Service  Support  inventories.  The  analysis  involves  varying 
the  quantities  and  location  of  spare  parts  inventories 
and/or  the  nodes,  distances  and  frequencies  of  express 
shipaent  s. 

i  -  Allas  aiUiag 

The  options  were  li sited  to  those  which  were  realis* 
tically  within  the  paraaeters  set  by  Coapany  policy  and 
existing  resources.  Custoaer  satisfaction  is  the  prinary 
concern  of  aanageaent.  Therefore,  parts  required  for  repair 
of  inoperative  aachines  are  required  to  be  on  site  within 
twenty  four  hours.  Alternatives  which  did  not  ensure  twenty 
four  hour  delivery  with  at  least  ninety  five  percent 
probability  were  rejected  as  unacceptable. 
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Alt  0:  Host  parts  carried  in  Palo  Alto,  with  soae  iteas 
carried  in  Atlanta  and  Chisago  (this  systea  was 
in  effect  at  the  tiae  of  the  saaple) . 

Alt  1:  Four  aonths  projected  deaand  stocked  at  each 
regional  site  (Palo  Alto,  Chicago,  Atlanta). 

Alt  2:  Entire  four  aonths  projected  deaand  stocked  at 
Palo  Alto. 

Alt  3:  One  year  projected  deaand  stocked  at  each 
regional  site. 

Alt  4:  A  coabination  of  the  other  alternatives  based  on 
a  hypothetical  "kBC*  breakdown  of  the  inventory. 

The  possibility  of  placing  inventory  at  other  than 
the  three  established  regional  stock  points  was  discussed 
with  aanageaent.  It  was  rejected  because  of  undesirable 
warehousing  costs  and  additional  inventory  aanageaent 
reguireaents. 

2*  Aa&lisia  2l  su&sia a  fisis 

Although  Coapany  policy  dictates  the  use  of  air 
freight  express  only  for  top  priority  shipaents,  a  saaple  of 
all  of  the  shipaents  aade  during  a  selected  five  week  period 
revealed  that  ninety  nine  percent  ware  aade  via  air  freight 
express  coapanies.  Because  of  the  ainiaua  weight  require- 
aents  iaposed  by  the  lower  cost  "coaaon  carriers",  even 
routine  stock  replenishaent s  were  sent  via  air  freight. 

Average  costs  were  coaputed  for  shipaents  froa  the 
factory  to  all  points  in  the  continental  United  states. 
These  were  coapared  with  projected  costs  for  the  saae  aode 
of  shipaent  froa  the  appropriate  regional  stock  points. 

3.  lftil isii  ol  laxaafcasi  £aiia 

The  analysis  of  inventory  costs  included  three  basic 
categories:  holding  costs,  ordering  or  set  up  costs,  and 

stockout  costs.  The  aajor  component  of  holding  costs  is 


the  opportunity  cost  of  capital.  *  Due  to  the  high  interest 
rates ,  the  before  tax  retar n  on  investaent  was  set  at  thirty 
percent.  Therefore,  the  total  holding  cost  was  set  at 
thirty  six  percent  of  the  average  value  of  inventory. 

Stockout  cost  were  not  a  factor  in  this  analysis, 
since  any  alternative  which  did  not  provide  the  requisite 
ninety  five  percent  fixed  effectiveness  were  rejected 
outright. 

B.  EV4L01TI0I  Of  THE  IVYEBTORT  COVTBOL  PROCESSES 

Upon  coapletion  of  the  initial  study,  a  aeeting  was  held 
by  the  Hanufacturing  Division  Manager,  with  the  author,  the 
Haterial  Manager  and  his  Project  Manager.  The  results  of 
the  study  and  possibilities  for  pursuing  a  sore  cost  effec- 
tive  approach  to  saterials  planning  for  service  support 
were  discussed.  The  saterial  sanagers  were  receptive  to  the 
concept  of  an  "iBC"  breakdown  of  the  inventory  stocking 
criteria,  but  expressed  a  serious  concern  about  the  divi¬ 
sions  ability  to  accurately  develop  the  type  of  data 
necessary  for  such  a  coupler  inventory  systes. 

P rob less  encountered  by  the  service  organization  in 
predicting  usage  requiresents  were  discussed.  The  diversity 
of  product  sixes  and  operating  paraaeters  faced  by  the 
various  service  areas  was  also  reviewed.  In  addition,  the 
continuing  difficulty  encountered  in  providing  four  aonth's 
average  deaand  in  inventory  at  the  three  regional  sites,  was 
considered.  Those  present  at  the  seating  case  to  the  unani- 
aous  conclusion  that,  an  analysis  of  the  existing  procedures 
for  deteraining  inventory  requiresents  was  the  next  logical 
step. 


aanageaent  refers  to  this 
urn  on  Investaant. 


cost  in  teras  of  the 
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A  follow-on  study  was  instigated  to  investigate  the 
posibilities  of  adapting  or  aodifying  the  existing  inventory 
control  systea,  to  the  highly  volatile  and  unpredictable 
deaands  of  service  support. 

The  study  proceeded  in  three  steps.  First  there  was  an 
evaluation  of  the  current  process  for  deteraining  alloca¬ 
tions  to  the  regional  inventory  points.  secondly,  it  would 
be  necessary  to  evaluate  the  capabilities  and  liaitatiocs  of 
the  Company's  computerized  inventory  control  3ystea.  A 
third  portion  of  the  study  involved  researching  the  current 
professional  literature  for  coaparison  information  and  any 
applicable  theories  for  adapting  a  aanufacturing  inventory 
control  systea  to  service  support.  3 

C.  PHOVIDIHG  VALID  STATISTICAL  FORECASTS 

If  the  aaterial  require aents  planning  process  was  to  be 
utilized,  a  reasonable  statistical  forecast  had  to  be 
provided.  The  aaterial  planners  expressed  doubt  as  to  the 
accuracy  of  the  statistical  forecast  in  the  part  history 
file  of  the  inventory  control  systea.  The  Service  Manager 
expressed  his  belief  that  the  usage  data  being  subaitted  to 
the  systea  was  now  accurate.  However,  it  was  stated  that 
inaccurate  statistical  usage  subaission  aay  have  been  the 
cause  of  past  failures. 

The  question  then  centered  on  whether  it  woald  be  better 
to  utilize  the  existing  statistical  forecast,  aodify  the 
foraula  or  utilize  a  set  value  obtained  froa  the  other 
records. 


*  A  summary  of  the  findings  of  this  research  was. 
presented  to  the  the  Company  in  the  of  3  March  1982,  shown 
in  Appendix  B.  A  full  report  is  included  in  Chapter  III  of 
this  thesis. 
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The  author  offered  to  statistically  analyze  the  statis¬ 
tical  forecasts  in  the  part  history  file,  and  the  average 
usage  figures  utilized  by  the  inventory  Manager,  as  predic¬ 
tors  of  future  deaand.  A  saaple  of  100  part  nunbers  was 
randoaly  selected  froa  2800  parts  which  showed  usage  in  the 
test  period.  Regression  analysis  was  perforaed  on  the  IBM 
3033  coaputer  at  the  Naval  Postgraduate  School,  utilizing 
the  IDA  software  package  [Ref.  1].  The  results  are  shown  in 
Appendix  D. 

The  regression  analysis  was  followed  by  an  evaluation  of 
the  statistical  forecast  algoritha  as  shown  in  Appendix  E. 
The  effects  of  variations  in  the  exponential  snoot king 
factor  were  discussed  in  the  seaoraadua  of  20  April,  1982 
(Appendix  C). 

D.  IHPLEHEMT  AXIOM 

The  next  stage  was  delayed  slightly  due  to  a  change  in 
aaterial  Managers,  but  the  new  aanager  was  extreaely  inter¬ 
ested  in  pursuing  this  natter.  Another  series  of  neetings 
of  all  concerned  personnel  was  held  to  discuss  the  problen. 
It  was  agreed  that  a  strong  effort  should  be  aaie  to  utilize 
the  Coapany's  aaterial  reguireaents  planning  systea  to 
relieve  the  inventory  aanagers  of  the  current  laborious 
process.  It  was  hoped  that  this  would  also  iaprove  the 
speed  and  accuracy  of  the  inventory  ordering  process. 

A  task  force  to  iapleaent  the  recoaoended  inventory 
planning  procedures  was  established.  It  was  headed  by  the 
Material  Manager,  with  the  Service  Support  Manager,  the 
Material  Planning  Supervisor,  the  Data  Control  Supervisor,  a 
Hanageaent  Inforaation  Services  representative  and  the 
author  as  aeabers. 

Reprogranning  of  the  aodules  was  to  be  avoided  if 
possible,  due  to  expense,  delays,  and  potential  interference 
with  other  systea  users.  The  Service  Support  Section  of  the 
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Manufacturing  Division  of  the  Medical  Group,  is  such  a  saall 
part  of  the  Cospany,  that  changing  the  the  inventory  control 
prograss  beyond  the  designed  tailoring  options  vas  unreal¬ 
istic.  it  best  it  would  be  a  tine  consuming  and  politically 
costly  process.  The  desired  result  of  this  project  was  to 
optisize  the  utilization  of  existing  progress,  with  the 
possible  addition  of  a  staple  data  base  access  program  to 
review  and  update  usage  forecasts. 

The  Cospany  offered  the  assistance  of  their  Management 
Information  Systems  designers  and  progressing  personnel. 
The  "Informatics  (lark  17",  data  base  aanagsent  system  and 
the  "Statistical  Analysis  System:  SAS"  were  available  for 

access  into  the  extensive  inventory  control  data  base  and 
extraction  of  appropriate  usage  breakdown  listings. 

The  various  isplesentation  options  are  discussed  in  the 
Mesorandus  of  20  April  1982  (Appendix  C) .  Recommendations 
for  isplesenting  the  saterial  requirements  planning  systes 
for  service  support  are  sale.  The  results  are  susmarized  in 
Chapter  IV. 
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in.  n&sxiss 


1.  BBIATXTB  COSTS  OF  IBTEBTOBT  LOC1PIOI  STBATESIES 

One  finding  of  the  shipping  cost  comparisons  was  that 
there  is  no  significant  cost  sawings  in  reducing  the 
distance  of  a  shipment#  assuming  the  same  mode  of  shipment 
is  used.  &  comparison  of  rate  tables  for  the  three  primary 
air  freight  companies  shewed  that  only  ten  percent  of  the 
total  cost  of  any  giwen  shipaent  is  determined  by  the 
distance  to  be  cowered.  The  relatiwa  size  and  remoteness  of 
the  destination#  and  consolidation  of  items  into  the 
smallest  possible  number  of  shipment s/pick-ups  can  cause 
shipping  cost  to  more  than  double  or  cut  then  in  half#  for 
any  giwen  distance  [Bef.  2#  3  and  4  ]. 

The  significantly  lower  intra  regional  shipping  costs 
were  attributed  to  the  utilization  of  low  cost  carriers  and 
direct  pickups  by  serwice  personnel. 

i.  samtlaaa  Utataatiiss 

Table  I  prowides  a  guick  comparison  of  the 
quantifiable  costs  of  the  alternatiwes  considered. 


T1BLB  Z 

Total  Annualized  Costs  of  the  Alternatiwes 


m  i 

A.t  i 
A.t  3 
lit  4 


month's  s^ock  at  each  region) 
4  month's  stock  at  Palo  Alto) 

1  year's  stock  at  each  region) 
ABC  breakdown) 


580#  53 1 
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Alternative  One  appeared  to  offer  the  lowest  quanti¬ 
fiable  cost.  However,  when  confidence  intervals  were 
computed  based  on  the  saaple  size  at  a  ninety  five  percent 
confidence  level  the  allowable  variance  was  in  the  coaputed 
costs  was  153,000.  Therefore,  neither  alternatives  One,  Two 
or  Four  could  be  considered  to  offer  a  cost  advantage. 

Effectiveness  then  becaae  the  deteraining  factor 
between  the  reaaining  alternatives.  Alternative  Three  has 
the  potential  of  iaproving  effectivness  by  soae  unknown 
factor,  but  this  aust  be  weighed  against  additional  cost. 
Alternative  Pour  was  a  hypothetical  proposal  which  offered 
the  saae  potential  for  iaproved  effectivness  with  the  lower 
cost  and  advantages  offerad  by  Alternative  One.  Only 
Alternative  Zero  can  be  rejected  based  on  cost  and  it  had 
already  been  rejected  by  Coapany  management  for  being 
ineffective. 

It  was  recoaaended  that  Alternative  Four  be  investi¬ 
gated  further  as  the  aost  promising  alternative.  Meanwhile, 
they  should  continue  with  the  implementation  of  Alternative 
One. 

B.  EVALUATION  OF  THE  IHYBITOBI  CONTROL  PROCESSES 
1 .  The  Current  Service  Support  Procedure 

The  current  process  for  determining  stock  alloca¬ 
tions  to  the  regional  inventory  points,  is  a  complicated, 
tine  consuming  manipulation  of  the  the  Company's  computer¬ 
ized  inventory  control  system.  The  results  are 
questionable. 

The  following  problem  areas  were  Identified: 

a.  Fabricated  "Bills  of  Material" 

The  inventory  aanager  ha3  applied  a  great  deal 
of  time,  energy  and  ingenuity  in  creating  a  "bill  of 
material"  for  each  inventory  site.  These  "bills  of 
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material",  were  actually  an  ingenious  adaptation  of  a  report 
designed  to  be  used  as  a  bill  of  material  for  an  assembly  in 
the  aanufacturing  planning  process. 

b.  I na curacies  in  the  Usage  Data 

Currently,  a  four  aonth  average  deaand  for  each 
part  nuaber  in  a  regional  inventory  is  coaputed  froa  a 
report  which  was  designed  for  tax  par poses.  The  report 
reverts  back  to  zero  at  tha  begining  of  the  new  fiscal  year. 
Therefore,  realistic  averages  can  only  be  coaputed  the  last 
few  aonths  of  the  year. 

c.  Inefficient  Utilization  ef  the  Inventory  Control 

System 

The  reports  being  utilized  are  inefficient  adap¬ 
tations  of  the  designed  systea.  They  waste  coaputer  tiae, 
and  exceed  the  designated  file  size.  ?urtheraore,  the 
statistical  forecasting  features  and  lead  tiae  calculations 
are  not  being  utilized. 

d.  Lead  Tiae  Computations 

The  inventory  aanager  has  access  to  three 
differing  lists  of  component  lead  tiae.  He  atteaps  to 
coapute  lead  times  for  required  assemblies  by  annually 
coabining  data  froa  these  reports. 

e.  Cumbersome  Hanual  Operations 

The  current  systea  requires  far  too  auch  manual 
input  and  variation  of  the  mechanized  reports.  It  is  so 
complex  and  non  standard  that  the  managers  are  fearful  of 
loosing  the  creator  of  the  systea,  for  even  a  short  period 
of  tiae.  Although  the  required  data  is  in  the  data  base, 
the  current  aenu  of  reports  do  not  provide  direct  access  to 
it. 
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The  Conpany's  sophisticated  coaputerized  inventory 
control  systea  includes  aaterial  requireaents  planning  and 
aaterial  control  systea  ao dales,  which  have  been  highly 
successful  in  supporting  the  aanuf acturing  operation. 
However,  the  inventory  aanagers  in  the  service  support 
section  have  found  the  systea  to  be  unsatisfactory  in 
coaputing  inventory  requireaents  to  aeet  the  unscheduled 
needs  of  the  service  organization. 

The  systea  is  designed  to  coapare  the  various  costs 
associated  with  inventory  including  such  factors  as  lead 
tine,  decoupling  tiae  and  desired  safety  stock.  It  then 
coaputes  the  aost  econoaical  quantity  and  schedules  the 
ordering  of  parts  to  aeet  projected  deaands.  [Ref.  5: 
sec .204  ] 

The  aaterial  requireaents  planning  nodule  receives 
projected  deaand  for  aajor  asseablies  froa  nanufacturing 
aaster  schedules,  sales  forecasts  and  aeaorandua  inputs. 
The  systea  explodes  a  bill  of  aaterial  for  each  aajor 
asseably  and  totals  scheduled  requireaents  by  part  nuaber. 

A  Statistical  Forecast  for  unscheduled  deaands  such  as 
service  support  nay  be  added  to  scheduled  deaand  for  each 
part. 

The  date  of  the  asseably  requireaent  is  set  back  by 
the  cuaulative  lead  tiaes  and  decoupling  tiae  for  each 
higher  level  in  the  asseably' s  bill  of  aaterial  explosion 
process.  The  various  requireaents  for  a  given  part  are 
grouped  together  for  econoaic  ordering.  Required  quantities 
are  increased  by  a  replacement  issue  factor  (yield  factor) 
and  a  safety  stock  allowance.  [Ref.  5:  sec. 20*] 
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a.  Yield  Factor 


The  yield  factor  is  designed  to  allow  for  losses 
daring  the  aanafacturing  or  procareient  process.  It  is 
calculated  by  dividing  the  sua  of  the  quantity  actually 
received  in  a  selected  period  of  tiie  (one  to  nine  aonths) 
by  the  nuaber  ordered.  This  factor  is  recorded  in  the  part 
history  file. 

b.  Safety  Factor 

&  safety  stock  allowance  is  developed  based  on 
the  assuaption  that  statistical  variations  in  deaand  will 
follow  a  Poisson  approxiaat ion  to  an  exponential  distribu¬ 
tion.  For  any  percentage  of  stock-outs  deeaed  acceptable  by 
eanageaent,  a  safety  stock  aultiplier  is  derived  froa 
Poisson  probability  distribution  tables.  These  aultipliers 
ara  applied  against  the  square  root  of  the  product  of  the 
average  daily  statistical  usage,  lead  tiae  in  M-days,  and 
the  average  units  on  one  "statistical"  requisition. 
[Bef.  5:  se.%204] 

The  safety  stock  aultiplier  has  been  set  in  the 
aaterial  control  systea  at  1.65  for  parts  with  a  unit  cost 
greater  than  one  dollar,  and  2.33  for  those  less  than  one 
dollar. 

The  total  of  all  requireaents,  schedules,  fore¬ 
casts,  safety  factors  etc.  ,  are  coapared  with  the  on  hand 
inventory  and  scheduled  gains.  The  date  of  the  first 
unfilled  order  becoaes  the  required  delivery  date. 

c.  Econoaic  Order  Quantity 

The  next  procedure  is  designed  to  deteraine  if 
it  is  econoaical  to  increase  the  size  of  the  order  by 
including  successive  requir eaents.  Savings  in  procureaent 
costs  are  coapared  with  increased  costs  of  holding  the  parts 
in  inventory.  Coaputations  are  then  made  to  deteraine  how 
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nan y  "part  days"  of  holding  costs  it  takes  to  equal  the  cost 
of  an  additional  set  up  or  order.  This  is  expressed  as  a 
derivative  of  the  standard  econonic  order  quantity  forsnla: 

Q  »  N/2DS/SP 

The  following  foreula  creates  the  tern  "A"  as  a  coaparaiive 
value  expressed  in  "part  days". 

A  *  S/hP 

The  terns  involved  are: 

S  *  set  up  or  ordering  cost 

H  *  holding  cost  expresel  as  a  percentage  of  unit  price 
(includes  storage  space,  handling,  taxes,  insurance, 
obsolescence,  deterioration,  and  cost  of  capital) 

P  *  unit  price 

T  *  interval  between  regal reaents  (in  aanufacturing  days) 

H  *  quantity  of  the  next  requireaent 
D  *  annual  deaand 
h  *  daily  holding  costs 

The  "part  days"  for  each  successive  requireaent 
are  conputed  as  R  tines  T.  When  R  tines  T  is  greater  than 
A,  a  new  order  is  scheduled.  If  R  tiaes  T  is  equal  to  or 
less  than  A,  the  quantity  of  the  original  order  is  increased 
to  cover  the  successive  requireaents.  [Ref.  5:  sec. 20*] 

The  required  delivery  date  deternined  by  the 
above  process  is  further  set  back  by  the  cunulative  lead 
tiae  and  decoupling  tiae  for  each  lover  level  in  the  assea> 
bly*s  bill  of  aaterial  explosion  process.  This  yields  the 
required  tine  phased  order  point  quantity. 

d.  Statistical  Dei  and  forecasting 

The  Coapany's  aaterial  requireaents  planning 
process  allows  for  additional  deaand,  that  not  reflected  in 
the  production  forecast,  to  be  coaputed  froa  historical 
data.  All  parts  issued  to  such  requireaents  as  service 
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support  should  be  docuaentad  with  a  transacton  code  identif¬ 
ying  "Statistical  Osage1*.  The  only  acceptable  aethod  of 
planning  for  such  reguireaents  is  through  historically  based 
projections.  Utilizing  other  forecasts  such  as  soliciting 
predicted  deaands  froa  service  personnel  in  the  field  have 
been  rejected  by  aanageaent,  as  being  to  subjective  and 
variable. 

The  aaterial  control  aodule  calculates  a  daily 
usage  figure,  called  a  Statistical  forecast,  by  using  an 
exponential  saoothing  /  weighting  factor  technique.  The 
Statistical  Forecast  is  a  perpetual  figure  stored  in  the 
Part  History  File  for  each  itea.  Each  aonth  the  old  value 
is  updated  in  accordance  with  the  foraulae  described  in 
Appendix  B.  With  the  Toapany  designated  exponential 
saoothing  factor  of  0.2,  the  deaand  during  the  aost  recent 
aonth  is  weighted  at  twenty  percent  against  eighty  percent 
for  the  old  figure  coaputed  froa  an  unliaited  nuaber  of 
previous  aonths.  The  results  are  further  aodified  by  a 
weight  factor  or  trend  predictor  shown  as  "W"  and  "T"  in 
Appendix  E.  The  results  are  a  saoothed  deaand  carve  which 
becoaes  increasingly  flat  and  less  responsive  to  change  with 
successively  saaller  exponential  saoothing  factor. 

The  stochastic  process  assuaes  that  the  deaand 
is  relatively  constant.  Therefore,  it  is  accurate  only  for 
short  periods.  Since  it  is  repeated  at  aonthly  intervals, 
the  effects  of  variations  are  ainiaized.  [Hef.  5:  sec. 207] 

Whether  or  not  such  weighting  and  saoothing 
aodif ications  to  the  statistical  usage  data  is  desirable  in 
this  case  has  been  a  point  of  contention  aaong  the  aanagers. 
The  resulting  figures  have  been  considered  unacceptable  by 
the  aaterial  aanagers  in  the  past,  for  several  possible 
reasons:  iaproper  coding  of  statistical  issues,  anoaalies  in 
the  regional  stock  issue  procedures,  or  variations  in  deaand 
beyond  that  approxiaated  by  the  calculations. 


27 


3.  £2i£aiis£a  lilh.  ifei  "3£&£a  oe  thS  A^t 


Although,  in  this  day  of  rapidly  changing  data 
processing  and  sanageient  inforsation  technology,  a  twelve 
year  old  systee  sight  be  presuned  obsolete,  a  search  of  the 
latest  applicable  literature  shows  otherwise.  The  design 
paraseters  and  theory  behind  the  Cospany's  inventory  control 
progress,  which  were  written  in  1969,  are  very  closely 
aligned  with  those  presented  in  currently  used  texts  and 
professional  journals  on  the  subject.  The  econosic  order 
quantity  sodel  reaains  basically  unchanged  since  its  devel- 
opsent  in  the  late  1930's  [Ref.  6:  p.32].  The  saterial 

requiresents  planning  process  grew  out  of  tine  phased  deaand 
techniques  in  the  early  1 960, s  as  conputer  technology 
allowed  sore  cospleoc  coaputations  and  larger,  sore  accurate 
data  bases  [Ref.  7:  p .20  ]. 

When  all  of  the  options  built  into  the  Cospany's 
saterial  control  and  saterial  requiresents  planning  nodules 
are  conbined,  the  user  is  provided  with  any  of  the  classical 
inventory  planning  systen  variations  such  as:  fixed  lot  size 
with  perpetual  or  periodic  inventory  cycles,  fixed  reorder 
interval  or  fixed  reorder  point  [Ref.  3:  p.  164].  If 

desired,  a  dynasic  programing  algoritha  which  optiaizes  lot 
size  for  any  given  set  of  holding  and  set  up  cost  paraae- 
ters,  is  available  as  an  option  within  the  Cospany  saterial 
control  systea.  It  is  based  on  the  ffagner-Bhitten  Algoritha 
[Ref.  9].  It  is  also  possible  to  fix  order  quantities,  or 
conpute  then  with  either  set  up  or  holding  costs  set  at 
zero,  without  aodifying  the  existing  progras.  The 

Statistical  Stabilizing  Options  provide  the  ability  to  vary 
the  effective  periodicity  of  the  econosic  order  quantity 
calculations,  and  the  Audit  Cycle  Option  provides  a 
traditional  "ABC”  breakdown  for  inventory  aonitoring 
efforts. 
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Rhybark  and  Billiams  [Ref.  10],  discuss  material 
requirements  planning  under  uncertain  demand  forecasting. 
They  suggest  that  there  are  significant  differences  between 
buffering  inventory  with  safety  stock  or  with  safety  lead 
time,  depending  on  the  source  of  the  uncertainty:  timing  or 
quantity.  Their  experimentation,  Seals  with  high  vari¬ 
ability  in  manufacturing  schedules.  In  such  cases,  lead 
time  retains  great  importance.  The  demands,  regardless  of 
their  variability  are  real  requirements.  In  the  case  of 
statistical  forecasts  for  service  support  inventories,  the 
"demands"  placed  are  only  guesses  at  future  requirements. 
The  fact  that  the  accuracy  of  the  forecasts  decrease  with 
lead  time  tends  to  negate  the  desirability  of  long  lead 
times.  The  point  to  be  made  here  is  that  the  Company's 
material  requirements  planning  module  contains  options  to 
cover  both  cases. 

There  is  a  great  variety  in  existing  inventory 
systems.  They  vary  in  sixe  and  in  the  stochastic  processes 
inherent  in  the  systems.  These  differences  have  a  great 
deal  to  do  with  the  operating  doctrine  being  served. 

There  has  been  some  interesting,  research  on  the 
effects  of  wide  variations  in  demand,  beyond  the  Poisson 
approximation  to  an  exponential  distribution  [Ref.  11  and 
12],  In  fact,  studies  have  indicated  that  the  rate  of 
failure  of  mechanical  devises,  similar  to  the  majority  of 
failing  components  in  the  machines  of  this  study,  most  often 
follows  a  more  complex  feibull  Distibution  [Ref.  13:  5]. 

Although  much  research  has  been  done  in  developing  abstract 
mathematical  properties  of  inventory  models,  an  opposing 
faction  is  concentrating  on  practical  application  [Ref.  6: 
p.h  ]• 

In  his  "Focus  Forecasting"  theory,  B.  T.  Smith 
proposes  the  use  of  simple  computer  produced  models  of 
current  usage  trends  vice  complex  statistical  forecasts  and 
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exponential  smoothing  techniques.  ais  contention  is  that 
the  planning  process  aast  be  sisple  and  easily  understood 
before  it  will  gain  wide  spread  acceptance.  Seith  contends 
that  the  use  of  exponential  smoothing,  which  is  sieply  a 
■athaatical  approziaation  of  a  sowing  average,  is  no  longer 
necessary.  The  speed  and  efficiancy  of  aodern  coaputers 
will  allow  wore  lengthy  processes  which  are  aore  in  line 
with  coaaon  business  practices.  Por  example,  a  aanager  nay 
believe  that  deaand  for  his  inventory  usually  follows  the 
trends  of  the  last  three  aonths.  Others  sight  be  best 
aodeled  after  seasonal  usage  of  the  previous  year.  The 
speed  of  aodern  coaputers  allows  these  and  other  forecasting 
strategies  to  be  tested  for  each  itae,  through  a  process  of 
siaulation.  The  net  hod  which  yields  the  closest  approxima- 
tion  during  siaulation  of  the  past  three  aonths,  is  then 
selected  for  use  in  the  next  aonth.  [Ref.  14:  p.2] 

Hall  and  Tollaan  analyzed  successful  and  unsuc¬ 
cessful  aaterial  requireaaats  planning  systems  and  establish 
the  pivotal  factor  to  be  aanagerial  involvement.  Market 
factors,  capital  intensity  and  corporate  strategy  all 
contribute  to  the  success  or  failure  of  a  aaterial 
requirements  planning  system.  [Ref.  15] 

Hany  other  articlas  in  recent  professional  journals 
deal  with  problems  of  iapl eaentation  rather  than  technical 
problems  with  the  systea  itself  [Ref.  16].  They  address 
problems  very  similar  to  the  one  in  this  case.  Ihat  can  be 
done  to  aake  a  sophisticated  aaterial  requireaents  planning 
systea  responsive  to  specific  situations?  Even  aore  funda¬ 
mentally:  how  does  one  cause  an  operable  systea  to  be 
utilized? 

4. 

At  the  end  of  the  first  four  aonth  period  under  the 
existing  systea,  only  50.7  percent  of  the  coaputed  stock 
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requirements  were  actually  shipped.  Seasons  cited  for  this 
failure  are  lack  of  aanpower  to  process  the  shipaents  and 
long  lead  tiaes  required  for  procuraaent  or  aanufacture  of 
aany  of  the  iteas. 

It  was  recoa aended  that  an  atteapt  be  aade  to 
utilise  the  Coapany's  existing  aaterial  requireaents 
planning  system,  to  replace  the  currant  laborious  process. 

C.  PROVIDING  VALID  STATISTICAL  FORECASTS 

Utilizing  the  Coapany's  existing  aaterial  requireaents 
planning  systea  to  replace  the  current  aakeshift  systea 
offered  soae  significant  benefits. 

It  would  preclude  the  need  for  the  current  laborious 
processes,  and  provide  the  aaterial  planners  with  the  saae 
visibility  of  projected  service  support  requirements  that 
they  now  have  for  aanuf act uring  requireaents.  This  would 
allow  the  aaterial  and  inventory  managers  to  concentrate  on 
refining  the  established  guidelines,  and  responding  to 
exceptional  requireaents.  However,  before  the  mechanized 
systea  could  be  used,  a  method  of  providing  valid  usage  data 
to  the  statistical  forecasting  algorithm  had  to  be  provided. 
The  statistical  forecasts  resident  Ln  the  systea  had  been 
previously  rejected  as  inaccurate  by  the  Division  material 
planners.  The  reason  for  the  rejection  was  unclear.  It  was 
deterained  that  an  analysis  of  the  various  possibilities  for 
providing  a  valid  statistical  forecast  was  required. 

i*  Szila&isa  s£  smia&sal  eatasasis  &§  Eisiisisis 

An  eapirical  comparison  of  the  saaple  data  revealed 
the  two  predictors  (statisical  forecasts  and  average 
regional  usage) ,  to  be  so  far  apart  that  it  seeaed  there 
aust  be  a  problem  in  the  data  inputs.  the  disparity  was 
caused  by  variations  in  the  periods  covered  by  the  two 
reports  and  the  aethods  of  handling  cancelled  orders.  A 
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total  of  nine  part  numbers  in  the  sample  were  affected  by 
these  administrative  problems.  The  regaining  ninety  two 
iteas  showed  absolute  correlation  in  the  raw  usage  data. 
This  supports  the  Service  Managers*  claia  that  the  data  is 
being  input  correctly. 

Results  of  the  regression  analysis  are  shown  in 
Appendix  D.  These  results  were  interpreted  for  the  Coapany 
in  the  Neaorandua  of  20  April,  1982  (Appendix  C) 
a.  The  Exponential  Saoothing  Factor 

A  review  of  the  saaple  lata  with  inventory  and 
service  personnel,  revealed  that  aost  sporadic  increases  in 
usage  were  a  result  of  soaa  special  set  of  circuastances  or 
errors  in  ordering.  In  either  case,  it  is  not  desirable  to 
allow  these  instances  to  overly  influence  future  stocking 
levels. 

The  over  responsiveness  to  sporadic  changes  in 
usage  is  a  funtion  of  the  Exponential  Saoothing  Factor  as 
described  in  Appendix  E.  It  is  designed  to  inirese  respon¬ 
siveness  to  changing  aarket  trends  [Ref.  5:  sec. 207].  This 
responsiveness  is  neither  necessary  or  desirable  when 
responding  to  the  relatively  slow  changes  expected  in 
dealing  with  aechanical  or  electronic  failure  rates,  as 
approxiaated  by  either  of  the  coaaonly  used  exponential  or 
Seibull  distributions  [Ref.  12:  pg.27]. 

The  skewing  can  be  reduced  by  reducing  the  expo¬ 
nential  saoothing  factor  used  in  the  computations,  as  shown 
in  Appendix  E.  A  discussion  with  personnel  in  the 
Management  Inforaation  Section  resulted  in  reducing  the 
exponential  saoothing  factor  froa  0.2  to  0.154  which 
approxiaates  a  twelve  aonth  moving  average  [Ref.  IS:  p.8]. 

The  selection  was  an  arbitrary  one,  to  be  used 
on  a  trial  basis  only.  Bowever,  it  should  provide  a  fairly 
stable  input  to  the  saterial  requirements  planning  process 
without  any  prograa  changes.  Continued  sonitoring  of  both 
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input  and  output  data  should  continue,  and  further  adjust- 
sent  of  the  exponential  smoothing  factor  will  probably  be 
required.  This  will  allow  the  saterial  and  inventory 
nanagers  to  concentrate  on  refining  the  established 
guidelines  and  responding  to  exceptional  circusstances. 
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i7.  isiussmnss 


1.  COOBDH&ZXOI  WITH  HiNOP ACT0HIH5  OI7ISIOI 

The  series  of  i spies eat  at ion  planning  meetings  resalted 
in  an  agreement  to  utilize  the  aodified  Statistical  Forecast 
as  an  input  to  the  aaterial  reguireients  planning  process. 
Procedures  for  handling  the  service  support  inventory 
requireaents  within  the  Haterial  Planning  Section  of  the 
Banuf acturing  Division  were  discussed. 

Concern  was  expressed  over  the  validity  of  the  lead  tiae 
coaputations.  If  the  statistical  input  is  aade  directly  to 
the  Hanufacturing  Division*  s  aaterial  requireaents  planning 
process,  the  lead  tiaes  provided  will  be  those  utilized  for 
a  noraal  production  run  schedule.  This  would  not  allow  for 
the  exceptionally  long  lead  tiaes  experienced  with  the  snail 
quantity  orders  for  out  of  production  equipnent  coaaonly 
received  froa  the  service  organization.  It  would  also 
preclude  the  autoaatic  separation  of  allocations  to  the 
regional  inventories.  kn  alternative  proposal  was  to  run  a 
separate  material  requireaents  planning  process  for  Service 
Division  with  specifically  designated  lead  tiaes.  The 
resultant  orders  would  be  subaitted  directly  to  Purchasing, 
or  placed  into  the  Hanufacturing  Division's  aaterial 
requireaents  Planning  process.  This  systea  would  preclude 
consolidation  of  orders  and  would  cause  unnecessary 
duplication. 

The  Heaorandua  of  20  April,  1982  (Appendix  Z)  presented 
argunents  against  the  over  eaphasis  of  lead  tine.  The 
Statistical  Forecast  is  only  an  educated  guess  at  future 
deaand.  A  great  deal  of  effort  and  expense  can  be  wasted 
trying  to  aeet  "required  delivery  schedules"  when  they  are 
only  predictions  of  average  or  routine  deaand. 
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Concern  for  lead  tlae  in  this  instance  is  greatly  unwar¬ 
ranted.  There  is  a  fallacy  in  considering  statistical 
forecasts  in  the  saae  way  we  do  dcaand.  The  statistical 
demand  is  based  on  historical  data.  Therefore,  the  initial 
desand  will  always  appear  to  be  late  by  the  asount  of  lead 
tise  prescribed.  The  lead  tiae  value  helps  by  speeding  the 
response  to  any  increased  deaand  but  it  equally  slows  the 
responsiveness  to  decreasing  trends.  Attempts  to  gain  an 
edge  on  this  unpredictable  deaand  by  adding  to  lead  tiaes 
will  only  add  expense.  Efforts  to  ia prove  lead  tiaes  should 
be  limited  by  the  level  of  accuracy  of  the  Statistical 
Forecasts. 

1.  AdlssUas  Homing  LevaXs 

One  very  valid  concern  expressed  by  the  aaterial 
planners  is  that  the  Statistical  Poracast  will  be  allowed  to 
run  the  system  unchecked.  Adjustment  of  stocking  levels  for 
specific  equipments,  can  be  accomplished  in  two  ways.  The 
economic  order  quantity  computations  in  the  Saterial 
Requirements  Planning  process,  if  left  intact,  will  vary 
stocking  levels  in  accordance  with  the  relative  cost  and 
demand  of  each  item.  Desired  manipulation  of  stocking 
levels  to  accommodate  subjective  evaluations  of  the  impor¬ 
tance  of  an  item  or  to  compensate  for  the  fact  that  it  is 
out  of  production,  should  be  made  by  varying  the  safety 
factor.  The  current  safaty  stock  multipliers  are  set  to 
yield  a  stock  out  level  of  two  percent  for  items  valued  at 
less  than  one  dollar,  and  five  percent  for  all  other  items. 
This  approximates  the  breakdown  recommended  in  the  initial 
study.  If  the  resulting  inventory  levels  are  not  satisfac¬ 
tory,  these  values  nay  also  be  arbitrarily  set.  Safety 
factors  could  be  applied  to  each  region  separately,  or  an 
agregate  report  could  be  requested  for  the  Division,  with 
the  safety  stock  allocated  only  to  the  home  office. 
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Unfortunately,  tiie  restrictions  precluded  indepth  evalua¬ 
tion  of  optiaal  exponential  saoothing  factor  or  safety 
factor  settings. 

2.  1  £21£I2li2S  £l2£2iai 

A  coeproeise  plan  was  developed,  which  would  negate 
any  lead  tine  computations  by  the  Service  Division. 
Instead,  planned  orders  froe  Service  are  inserted  into  the 
Manufacturing  eaterial  requirements  planning  process  prior 
to  lead  time  and  economic  order  quantity  computations.  The 
key  to  this  plan  was  the  MASK  IT  data  base  access  program 
which  was  under  development  as  a  result  of  proposals  made  in 
the  Memorandum  of  3  March, 1982  (Appendix  B) .  This  program 
will  also  flag  significant  aberrations  in  the  data,  for 
management  review  and  adjustment. 

Further  discussions  centered  on  the  relative  work¬ 
loads  and  the  internal  processes  of  material  procurement 
which  are  beyond  the  scope  of  this  study. 
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7.  C21SM5I2B5  MS  AESLIS4ZI21S 


1.  CONCLUSIONS 

My  primary  intent  was  to  gain  an  understanding  of  a 
major  corporation's  service  support  capabilities,  in  rela¬ 
tion  to  Navy  contracting  policies.  I  have  reached  three 
con elusions. 

First,  coaaercial  firas  face  aany  of  the  saae  problems 
that  are  encountered  in  the  Navy.  Their  data  processing  and 
aanageaent  inforaation  systems  are  often  too  big  and  too 
coaplex,  while  the  aanagers  are  too  busy  and  without  the 
requisite  personnel  assets  to  adapt  then  to  specific  needs. 

Secondly,  high  inflation  rates  sake  holding  costs  the 
driving  factor  in  any  inventory  aodel.  Warehousing  costs 
driven  up  by  high  utility  rates  and  real  estate  values  are 
out  distancing  relatively  3 table  ordering  costs,  which  have 
been  aided  by  acre  efficient  data  processing.  Express  ship¬ 
ping  rates  reduced  by  increased  coapetition  aaong  the 
carriers  also  enter  the  econoaic  equation.  The  result  is  an 
overall  trend  to  reduce  and  centralize  inventories.  Only  a 
profit  aotivated  desire  to  maintain  customer  satisfaction, 
prevented  a  reduction  in  the  regional  inventories. 

The  third  conclusion  has  to  do  with  the  vagrancies  and 
subjective  nature  of  service  support  requirements.  Machines 
don't  break  on  schedule.  Although  a  great  deal  f  research 
and  analysis  of  reliability  trends  has  been  done,  coaplex 
machines  such  as  the  radiographic  linear  accelerators  dealt 
with  here,  do  not  fit  any  one  known  aodel.  The  time  and 
expense  of  building  reliability  models  for  even  a  few  of  the 
major  components  would  be  far  beyond  the  econoaic  value  of 
such  data.  For  the  aaount  of  aoney  involved  with  this 
inventory,  the  Company  was  not  inclined  toward  expensive 
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inventory  Management  systeas.  The  favored  approach  was  to 
adapt  the  available  Material  reqaireaents  planning  and 
material  control  systeas,  with  iaproved  historical  usage 
predictions,  to  provide  satisfactory  planning  for  a  Majority 
of  parts.  The  resulting  saving  in  nanpover  over  the  old 
Manual  systea,  can  be  utilized  to  handle  exceptional 
requirements,  and  review  and  revise  usage  predictions  as 
necessary. 

The  fact  that  many  of  the  recommendations  made  in  this 
report,  have  been  accepted  and  utilized  by  the  Coapany, 
attribute  to  the  value  of  the  exercise  and  the  validity  of 
the  recoaaended  improvement  s. 

B.  A  PPL  IC  ATI  OB 

The  Havy  would  do  well  to  reaeiber  these  underlying 
economic  motivations,  and  the  inherent  problems  in  deter¬ 
mining  service  support  inventory  levels,  when  contracting 
for  commercial  support  of  our  weapons  systeas. 

Assuming  that  a  contractor  will  be  an  ultimate  and’ 
endless  source  of  repair  parts  is  a  dangerous  misconception. 
Large  financial  incentives  would  be  necessary  for  continued 
parts  support  beyond  the  termination  of  scheduled 
production. 

On  site  stocking  of  spare  parts  is  extremely  expensive 
if  the  cost  of  capital  is  considedred  at  current  high 
interest  rates.  Centralizad  stocking  and  utilization  of  air 
freight  express  shipments  provides  a  viable  alternative. 

Documentation  of  service  support  performance  and  utili¬ 
zation  of  this  data  in  selecting  vendors  for  follow-on 
procurements,  could  provide  significant  incentives  for 
improved  support. 
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HEMP  RANDOM  Of  15  DECK!  3  Eg.  7981 

Proa:  Gary  H.  Strawn 
To:  Hr.  Ed  Kelly 

Subj:  Analysis  of  various  inventory  and  shipping  techniques 
utilized  in  support  of  Field  Service  operations. 


A.  OBJECTIVE 

The  objective  is  to  determine  if  the  desired  ninety  five 
percent  success  rate  can  be  achieved  at  a  reduced  cost. 
Success  is  defined  as  overnite  response  to  critical 
(priority  First  Aid)  service  demands.  The  analysis  will 
include  varying  the  quantities  and  location  of  spare  parts 
inventories  and/or  the  modes,  distances  or  frequencies  of 
express  shipments.  The  criterion  used  will  be  fixed 
effectiveness  at  minimum  cost. 

B.  1LTEHHATIVES 

Alt  0:  Host  parts  carried  in  Palo  Alto,  with  some  items 
carried  in  Atlanta  and  Chicago  (this  system  was 
in  effect  at  the  time  of  the  sample). 

Alt  1:  Four  months  projected  demand  stocked  at  each 
regional  site  (Palo  Alto,  Chicago,  Atlanta). 

Alt  2:  Entire  four  months  projected  demand  stocked  at 
Palo  Alto. 

Alt  3:  One  year  projected  demand  stocked  at  each 
regional  site. 

Alt  4:  A  combination  of  the  other  alternatives  based  on 
a  hypothetical  "ABC"  break! own  of  the  inventory. 
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The  possibility  of  placing  inventory  at  other  than  the 
three  established  regional  stock  points  was  rejected  because 
of  undesirable  warehousing  costs  and  additional  inventory 
management  requirements. 

C.  AMALYSIS  OF  SHXPPXV6  COSTS 

Company  policy  states  that  the  mode  of  shipment  for 
priority  one  and  two  requirements  is  dictated  by  the  the 
field  service  personnel.  Sore  than  half  of  the  orders 
received  by  the  service  support  organization  are  classified 
as  "First  Aid".  Forty  fiva  percent  are  priority  two  and  and 
the  remaining  five  percent  are  priority  three.  Although 
company  policy  dictates  the  use  of  certain  common  carriers 
for  priority  three  shipments,  research  with  these  companies 
revealed  that  they  will  only  accept  consignments  of  more 
than  100  pounds.  Por  this  and  other  sound  reasons  of  expe¬ 
diency,  accountability  and  consolidation  of  effort,  ninety 
nine  percent  of  all  shipments  were  made  via  air  freight 
express  companies  which  guarantee  "next  day  delivery".  In 
some  cases  this  is  defined  as  "prior  to  the  end  of  the 
working  day,  following  the  day  of  shipment".  Since  we  could 
not  discern  any  significant  difference  in  actual  delivery 
times  of  the  three  primary  shipping  modes  used  (Federal 
Express  "Priority  One",  Profit  by  Air  "Express"  and  United 
Parcel  Service  "Blue  Label  Air") ,  they  all  will  be  assumed 
to  meet  the  twenty  four  hour  delivery  requirement.  UPS 
"Standard,  Common  Carrier",  stipulates  five  to  seven  day 
delivery  times.  This  mode  costs  approximately  twenty 
percent  of  the  average  air  frieght  express  rate,  and  was 
utilized  to  compute  optimum  priority  three  (stock 
replenishment)  costs. 

Changes  in  company  policies  and  the  performance  of  the 
air  freight  express  industry  have  been  frequent.  Therefore, 
it  was  decided  that  only  shipping  data  from  the  last  half  of 
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Fiscal  Tear  81  and  the  first  two  months  of  Fiscal  Tear  82 
would  be  ased.  Data  was  available  only  for  shipments  froi 
Palo  11  to.  Service  records  for  each  aachine  ware-  screened 

for  any  reqnireaent  placed  daring  the  eonth  of  July  1981  and 
the  week  of  30  October  through  4  Moveaber  1981.  Data  froa 
the  two  periods,  as  shown  in  Enclosure  1,  were  coapared  to 
deteraine  if  significant  variances  were  present. 
Statistical  confidence  intervals  (ninety  five  percent  confi¬ 
dence)  were  coaputed  on  the  saaple  leans  for  both  the  costs 
and  the  weight  of  shipaents,  plus  the  nuaber  of  shipments  to 
each  region.  The  variations  in  the  means  of  the  two  samples 
were  well  within  the  confidence  intervals.  Therefore,  the 
two  saaples  were  coabined  to  provide  an  overall  saaple  of 
347  shipaents. 

The  node  of  shipaent  specified  by  the  service  personnel 
is  usually  based  on  the  reputed  reliability  and  expediency 
of  the  particular  carrier  in  the  destination  area.  Except 
in  localized  or  hand  carried  situations,  it  was  assumed  that 
the  mode  of  shipaent  would  be  ’  the  sane  for  any  destination, 
regardless  of  origin. 

average  shipping  costs  for  the  saaple  data  were  computed 
as  cost  per  pound,  cost  per  shipaent,  cost  per  itea  shipped, 
and  cost  per  value  of  unit  shipped.  The  difference  in  the 
shipping  co*=tts  to  all  points  in  the  J.S.,  with  Palo  Alto  as 
the  origin,  are  coapared  with  projected  costs  utilizing  the 
saae  aode  of  shipaent  froa  the  appropriate  regional  stock 
points:  Atlanta  and  Chicago.  They  approximate  the  expected 
shipping  costs  for  alternatives  One,  and  Two.  The  results 
are  displayed  in  Figure  A.  1  It  should  be  noted  that  fifteen 
out  of  347  shipaents  in  the  sample  were  Bade  by  carriers 
other  than  the  three  priaary  ones.  This  includes  six  ship¬ 
aents  to  overseas  locations.  Since  none  of  the  other  nodes 
accounted  for  norm  than  one  percent  of  the  total,  and  it  is 
coapany  policy  to  continue  to  handle  all  foreign  sales  froa 
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the  home  office,  the  rate  structures  of  the  three  primary 
carriers  were  utilized  for  all  coaputations. 


COST: 

per  pound 
per  shipaent 
per  itea 
per  $  value 


to  all  regions 

$  1.91 
$42.1 5 
$25.39 
$  .20 


intra-regional 

$  1.94 
$42.70 
$26.70 
$  .21 


Cost  were  calculated  for  shipaents  froa  Palo  ilto 
to  points  in  all  regions,  ana  then  projected  for 
the  sane  aode  of  shipaent  froa  the  appropriate 
regional  stock  points. 


Figure  A.  1  costs  of  Shipaents  froa  Various  Stock  Points. 


The  data  displayed  in  Figure  A.1  appeared  questionable 
because  the  intra-regional  shipping  costs  were  higher  than 
the  costs  for  the  greater  shipping  distances  expected  in  the 
centralized  case.  However,  the  differences  were  within  the 
variation  liaits  peraitted  for  the  ninety  five  percent 
confidence  level.  Therefore,  the  costs  should  be  considered 
as  essentially  equal. 

One  finding  of  the  coaparisons  in  Figure  A.1  was  the 
fact  that  there  is  no  significant  savings  in  cost  by 
reducing  the  distance  of  a  shipaent,  assuaing  the  sane  aode 
of  shipaent  is  used.  A  comparison  of  rate  tables  for  the 
three  primary  air  freight  companies  shoved  that  only  ten 
percent  of  the  total  cost  of  any  given  shipaent  is  deter** 
ained  by  the  distance  to  be  covered.  The  relative  size  and 
reaoteness  of  the  destination,  and  consolidation  of  items 
into  the  smallest  possible  nuaber  of  shipaents/pick-ups  can 
cause  shipping  cost  to  sore  than  double  or  cut  then  in  half, 
for  any  given  distance. 
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In  order  to  test  the  hypothesis  that  similar  nodes  of 
shipment  have  been  utilized  regardless  of  regional  destina¬ 
tions,  the  saaple  shipping  costs  from  Palo  Alto  were 
separated  between  destinations  inside  and  outside  of  the 
western  region.  The  results  are  shown  in  Pigure  a. 2 


COST : 


intra-region al  inter-regional  Average 


per  pound 
per  shipsent 
per  item 
per  S  value 


$  1.49 
$26.88 
$15.53 
$  .13 


$  2.26 
$52.82 
$33.00 
S  .26 


$  1.62 
$42. 15 
$25.39 
$  .20 


Shipment s  from  Palo  Alto  were  divided  into  two 
groups:  those  with  destinations  inside  the  western 
region,  and  those  destined  for  other  regions. 


Pigure  A. 2  Costs  of  Ship  sent s  Originating  in  Palo  Alto. 


The  significantly  lower  shipping  costs  within  the 
western  region  were  attributed  to  two  prisary  factors. 
First,  approzisately  fifteen  percent  of  the  shipments  were 
being  hand  carried  by  the  service  personnel.  Second,  thir¬ 
teen  percent  were  sent  via  United  Parcel  service  Standard 
Common  Carrier  rates,  which  are  approximately  twenty  percent 
of  the  average  air  freight  express  rates. 

D.  A HALTS IS  OP  IHfBHTOBY  C  ABBTIHG  COSTS 

The  usual  discussion  and  analysis  of  inventory  costs 
includes  three  basic  categories:  inventory  carrying 

(holding)  cost,  ordering  (acquisition)  or  set  up  costs,  and 
stockout  cost.  Bach  of  the  three  types  of  cost  has  a  unique 
nature  and  a  number  of  different  factors  involved. 
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First,  holding  cost  generally  includes  the  handling  cost 
associated  with  sowing  a  product  into  and  out  of  inventory, 
and  the  storage  costs  such  as  rent,  heat,  light,  etc.  Other 
coaponents  of  carrying  costs  are  insurance,  taxes,  obsoles¬ 
cence  and  deterioration.  The  sajor  cosponent  of  holding 
costs  is  the  opportunity  cost  of  capital.  This  cost  is  set 
in  relation  to  the  Conpany' s  designated  Return  on  Inwestnent 
(HOI)  .  Due  to  the  current  high  interest  rates,  the  before 
tax  ROI  is  set  at  thirty  percent.  Therefore,  the  total 
holding  cost  is  set  at  thirty  six  percent  of  the  average 
value  of  inventory. 

Stockout  cost  will  not  be  a  factor  in  this  analysis, 
since  any  alternative  which  does  not  provide  the  requisite 
ninety  five  percent  fixed  effectiveness  will  be  rejected 
outright. 

The  various  aeasures  of  shipping  costs  (cost  per  pound, 
cost  per  itee,  etc.)  deaonstrated  essentially  the  saae  rela¬ 
tionships.  Therefore,  the  selection  of  cost  per  shipaent  to 
relate  coapany  shipping  records,  was  aade  on  the  grounds 
that  it  was  aost  convenient.  The  following  analysis  of  the 
five  alternatives  was  aade  utilizing  the  saaple  aonthly 
averages  for  shipaents  in  zone  and  out  of  zone  and  applying 
thea  to  projected  deaands  froa  each  of  the  three  regional 
centers. 

I.  BVilOiTIOa  OF  it!  BIS  ill  FIS 

Inventory  figures  were  drawn  froa  Nov,  1981  data.  They 
are  a  aonthly  figure  and  not  a  true  annual  average.  The 
wide  variations  in  data  caused  by  changes  in  support  proce¬ 
dures  during  the  year  sake  it  undesirable  to  use  an  annual 
average  to  evaluate  the  current  practice.  The  aonth  of 
Noveaber  is  taken  to  be  a  good  representation  of  current 
inventory  value.  Holding  costs  were  coaputed  by  aultiplying 
inventory  value  by  thirty  six  percent. 

44 


1 


a 


(aost  parts  carried  in  Palo  Alto,  soae  iteas 
carried  in  Atlanta  and  Chicago:  the  system  in 
effect  at  the  tiae  of  the  saaple) 

Annual  Shipping  Costs: 

Proa  Palo  Alto  to  the  Western  region  $  37,740 

Proa  Palo  Alto  to  the  other  regions  $  145,788 

Proa  Atlanta/Chicago  to  their  regions  $  25,488 

Cost  of  moving  inventory  to  Atlanta/Chicago  S  7,740 

Sub  total:  $  216,756 


Annual  Inventory  Costs: 

Palo  Alto  Chicago  Atlanta  Total 
Value  (Inv):  $1,767,704  $202,750  $226,842  $2,197,296 

Holding  Cost:$  636,373  $  72,990  $  31,663  $  791,027 

Sub  Total:  $  791,027 

Total  Annualized  Cost  of  Alternative  0  :  $1,007,783 

(equals  holding  cost  plus  shipping  cost) 


2.  Aiistaaiiis  1 

(four  aonth's  deaand  stocked  at  each  regional  site) 
Approziaately  sixty  percent  of  the  total  4877  line 
iteas  show  activity  in  the  inventory  records  each  aonth. 
Consequently,  it  seeas  reasonable  to  assuae  that  four  aonths 
deaand  stock  vith  one  week  refill  tiae,  could  cover  eighty 
percent  of  the  monthly  intra-regional  requirements. 

Annual  Shipping  Costs: 

Proa  Palo  Alto  to  the  festern  region  $  37,740 

Proa  Palo  Alto  to  the  other  regions  (20%)  $  39,300 
Proa  Atlanta/Chicago  to  their  regions  (80%)  $  79,668 

Cost  of  aoving  inventory  to  Atlanta/Chicago  $  24,216 

Sub  total:  $  180,924 
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If  the  intra -regional  fill  rate  is  ninety  percent: 

shipping  costs  are  $  171,300 

If  the  in tra -regional  fill  rate  is  sixty  percent: 

shipping  costs  are  $  200,100 


Annual  Inventory  Costs: 

Palo  Alto  Chicago  Atlanta  Total 
Value  (inv)  *  316,714  *240,573  $436,507  $  963,894 
Holding  cost:*  114,017  *  86,642  $146,343  $  347,002 

Sub  Total:  $  347,002 


Total  Annualized  Cost  of  Alternative  1:  S  527,926 


(ninety  percent  in  tra- regional  fill  rate)*  518,302 


(sixty  percent  int ra-regional  fill  rate)  *  547,102 


3.  Alternative  2 

(entire  four  south's  desand  stocked  at  Palo  Alto) 
Annual  Shipping  Costs: 

Pros  Palo  Alto  to  the  lestern  region  S  37,740 

Pros  Palo  Alto  to  the  other  regions  $  195,852 

Sub  total:  *  233,529 

Annual  Inventory  Costs: 
value  (inv)  *  96  3,894 

Holding  Cost:  $  347,002 

Sub  total:  $  347,002 

Total  Annualized  Cost  of  Alternative  2:  *  580,531 


45 


*»•  illSLi aiiia  2 


(one  year’s  desand  stocked  at  each  regional  site) 
Annual  Shipping  Costs: 

(Assaning  stock  will  cover  98%  of  the  regional  desand) 

From  Palo  Alto  to  the  Western  region  S  37,740 

Pros  Palo  Alto  to  the  other  regions  (2%)  $  1,932 

Pros  Atlanta/Chicago  to  their  regions  (98%)  $  191,940 

Cost  of  soving  inventory  to  Atlanta/Chicago  $  29,664 

Sub  total:  $  261,276 


Annual  Inventory  Costs: 

Palo  Alto  Chicago  Atlanta  Total 
Value  (Inv)  $  950,142  SI, 219, 521  S722,016  12,891,949 

Holding  Cost:$  342,051  S  439,028  $259,926  $1,041,112 

Sub  total:  $1,041,112 

Total  Annualized  Cost  of  Alternative  3:  $1,302,388 


5 .  Alternative  4 

(a  combination  of  the  other  alternatives  based  on 
a  hypothetical  "ABC”  breakdown  of  the  inventory) 

In  order  to  test  the  potential  value  of  this  option, 
it  was  assuaed  that  the  classical  standard  of  twenty  percent 
of  the  inventory  by  value  can  be  selected  such  that  it  will 
fill  eighty  percent  of  the  average  aonthly  reguiresents. 

Category  A  (20%  of  the  inventory  /  83%  of  the  desand: 

20%  of  one  year’s  desand  stock  carried  at  each  region) 

Inventory  Paine  (20%  of  alt. 3):  $578,390 

Inventory  Holding  Costs: 

Shipping  Costs  (80%  of  alt.3): 

Sub  Total: 
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$208,222 

$209,021 

$417,243 


Category  B  (30%  of  the  inventory  /  15%  of  the  deaand: 

30%  of  four  eonth's  deaand  stock  carried  at  Palo  Alto) 


Inventory  Value  (30%  of  alt. 2): 
Inventory  Holding  Costs : 
Shipping  Costs  (15%  of  alt.  2) : 
Sob  Total: 


$289, 168 

$104,101 
S  35,029 
$139,130 


Category  C  (50%  of  the  inventory  /  5%  of  the  deaand: 

Stock  not  carried,  requisitions  to  be  filled  froa 
aanufactaring  stock,  procareaent  or  fabrication) 

Shipping  Costs  (5%  of  alt. 2)  :  $  11,676 

Sub  Total:  $  11,676 

Total  Annualized  Cost  of  Alternative  4:  $568,049 


F.  COICLOSIOIS 


The  following  table  provides  a  quick  conparison  of  the 
quantifiable  costs  of  the  alternatives  considered. 


Alt  0  (current  aiz) 

Alt  1  (4  aonth's  stock  at  each  region) 
Alt  2  (4  aonth's  stock  at  Palo  Alto) 
Alt  3  (1  year's  stock  at  each  region) 
Alt  4  (ABC  breakdown) 


$1,007,783 
$  527,926 
$  580,531 
$1,302,388 
$  568,049 


Alternative  One  appears  to  offer  the  lowest  quantifiable 
cost.  However,  the  ninety  five  percent  confidence  intervals 
allow  approziaately  $53,000  variance  in  the  coaputed  costs. 
Therefore,  neither  alternatives  One,  Two  or  Pour  can  be 
considered  to  offer  a  cost  advantage.  Alternative  Three  is 
considerably  aore  expensive,  but  it  calls  for  the  tripling 
of  inventories  at  all  sites.  This  should  lead  to  sose 
offsetting  increase  in  service  support  effectiveness.  Only 
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Alternative  Zero  can  be  rejected  based  on  cost  and  it  has 
already  been  rejected  by  coapany  aanageaent  for  being 
ineffective. 

Effectiveness  east  then  becoae  the  deteraining  factor 
between  the  reaaining  alternatives.  However,  quantifying 
the  relative  effectiveness  of  these  alternatives  is  beyond 
the  scope  of  this  study. 

There  is  soae  tendency  in  logistics  to  eaphasize  cost. 
However,  logistics  has  to  contribute  to  the  overall  profit¬ 
ability  of  the  coapany.  Profit  aaxiaization  is  a  vital 
concern  and  is  usually  the  aost  important  objective  for 
overall  efficiency  of  the  organization.  In  this  case,  the 
external  effects  of  coapany  decisions,  such  as  effects  on 
custoaer  relations  aay  assnae  utaost  iaportance. 
Concentrating  on  the  cost  factors  of  transportation  and 
inventory  alone,  aay  be  haraful  to  overall  coapany  goals. 

Alternative  Three  has  the  potential  of  iaproving  effec- 
tivness  by  soae  unknown  factor,  but  this  aust  be  weighed 
against  the  aditional  cost.  Alternative  Pour  offers  the 
saae  potential  for  iaproved  effectivness  with  the  lower  cost 
and  advantages  offered  by  Alternative  One.  It  aust  be 
reaeabered,  however,  that  this  was  a  hypothetical  case  and 
the  decision  to  do  further  investigation  aust  be  aade  by 
aanageaent  based  on  the  value  of  iiproved  effectiveness, 
i.e.  efficiency  of  service  personnel  and  enhanced  custoaer 
satisfaction  (good  will),  leading  to  iaproved  follow-on 
sales. 

1 .  Recoaaecdatloas 

Alternative  Four  should  be  investigated  further  as 
the  aost  proaising  alternative.  Heanwhile,  the  Division 
should  continue  with  the  la pleaentation  of  Alternative  One. 
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Enclosure  1.  saaple  of  service  Support  shipping  Data 

The  following  data  was  collected  froe  the  sain 
office  (Palo  Alto ,  Ca.)  shipping  rscords  for  the  aonth  of 
July,  and  the  week  of  Oct  3  0  through  Hov  4,  1981. 
Destination  Itas  Bxs/Lbs  Kode  Rt/Cost  Area/Rt/Cost 


♦Akron, Oh 
Albany,  6a 
Albuquerque,  NH 

Aaarillo,  Tx 

If 


Atlanta, Ga 
* 


August  a  ,Ga 


m 

>  " 

Baltiaore,  Hd 

•  " 

♦Beach, Grove, In 
Belleville, II 
Bethesda,  Bd 


Be  thlahea,  Pa 
Birainghaa, Al 
Boca  Raton, PI 
*  ■ 

Boise,  Id 
#  « 

Boston,  Ha 
« 


Bradenton,  PI 

*  ,  " 

Bridge  port, Ct 
*C  aroondale.il 
Chatanooga,Tn 


1/7  0 

1/1  P 

1/1  P 

1/20  P 

1/1  P 

1/13  P 

1/5  P 

1/1  0 

1/11  P 

1/10  P 

1/45  P 

1/9  0 

1/2  0 

1/1  P 

1/5  P 

1/7  p 

1/15  0 

1/42  0 

1/7  P 

1/4  P 

1/28  0 

1/780  P 

1/48  P 

1/44  P 

1/3  P 

1/4  P 

1/2  0 

hand  carry 
1/20  P1 

1/17  P 

1/195  0 

1/1  0 

1/2  0 

1/6  P 

1/1  0 

1/2  P 

1/39  P 

1/4  P 

1/9  0 

1/5  0 

1/1  P 

1/1  0 

1/5  P 

1/4  0 

1/1  0 

yL  F 

1/35  P 

1/44  0 


5a/26. 50 

C/26.95 
g3a/25.00 
4a/45. 50 
4a/25.50 
4a/40.50 
4a/25.50 


D/41 

D/38 

E/80 

&l 

3,i m 

g5a/43 

C/17 

C/47 

g5a/35 

g5a/26 

vl'M 

h'AI 

E/29 

g5a/26 


.30 

16.00 

.00 

.51 

.57 

.50 


g5a/49.00 

g5a/49.00 

C/  2.51 

E/36.05 
C/  2.51 
5a/26. 50 
5a/68.00 
E/33. 01 
C/11.33 
C/  6.62 
E/28.70 
C/,2.51 
E/34.45 

E/30.13 
1 1B/76.50 
C/49.97 


C/gla/24.0  0 

P- 

P- 

A/  3a/43.00 
A/  3a/24. 00 
A/  3a/39. 00 
A/  3a/25. 00 

A/  C/39.86 
A/  C/37.70 

A  - 

A 

A 

A 

A 

A 

A/  A/42.19 
A/g2a/30. 50 
A/g2a/24.50 
A/  A/28.59 
A/g2a/638, 0 
A/g2a/54.|0 
C/  B/64.77 
C/  B/26.20 
C/gla/24.00 
c 

C 

C/g3a/43.00 
C/g3a/43 . 00 

C/  B/  2.38 


C/  B/  2.38 

A 

A/  B/31.95 
A/  B/  2.38 
P 

P- 

C/  B/29.20 
C/  A/10.40 
C/  A/  6.26 
C/  B/26.20 
C/  A/  2.38 
C/  B/30.20 


C/  A/10.4 
C/  A/  6.2 
C/  B/26.2 


C/  C/28.07 
C/  2b/50. 50 
A/  B/44.13 
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Destination 


♦Charlotte,  HC 
Ch ester, Pa 
Chicago,  II 

(Park  Hidge) 


Cincinati,Oh 
Cleveland, Oh 

N 

Corpus  Cristi,Tx 

n 

Cornwall, Pa 
Cranford,  NJ 

If 

N 

Da  11  as,  Tx 
#  " 

#  " 

Danville, Pa 
Day  ton.  Oh 


it 

t  " 

Denver,  Co 

f« 

«1 

Detroit. ai 
Do  than,  ll 
»» 
n 

Duarte,  Ca 
#D uluth,Hn 

t  « 

#  » 

Dunedin, PI 

•t 

Durhas,  NC 
East  Chicago, II 

If 

East  Meadow,  HT 
East  Pt,Ga 
"  (Atlanta) 


Itas  Bxs/Lbs 


VA° 

V/2 

1/2 

1/25 

1/5 

1/2 

1/1 

1/2 

1/20 

1/232 

1/6 

1/2 

1/35 

1/2 

1/1 

1/35 

1/2 

1/1 

1/1 

1/4 

1/1 

1/7 

1/2 

1/4 

1/9 

1/8 

1/2 

1/42 

1/1 

1/2 

1/2 

1/165 

1/22 

2/26 

3/161 

1/48 

1/8 

1/10 

1/6 

1/2 

1/1 

1/1 

1/5 

1/180 

1/2 

1/1 

2/1 

1/36 

1/30 

1/6 

1/1 

1/18 

1/4 

1/5 

1/9 

1/5 

1/9 


Mode  8t/Cost  Area/Rt/Cost 

ft  Oft 


0*1:13 

E/34.45 
E/30. 13 


P  g4a/25. 50 
P  E/30.13 

P  g4a/25.50 
P  E/30. 13 

P  g4a/45.50 
P  g4a/354. 00 
P  g4a/33.50 

0  B/  3.35 

P  g4a/57.50 
P  E/30. 13 

P  g4a/25.50 

P  g4a/57. 50 

F  B/30. 13 

0  B/  2.38 

0  B/  2.38 

P  E/33.01 

P  5a/26 . 50 

P  E/37.65 

0  C/  3.61 

P  E/33.01 

P(sd)  i/23.39 
P  E/30.25 

0  B/  3.35 

P  g4a/65.50 

P  §4a/25. 50 

P(sdf  E/18.46 
F  E/30.13 

P  g5a/282. 00 
F  E/57.83 

P  E/62.85 

P  g5a/282.0Q 
P  g5a/78.00 

F  C/36.60 

P  C/39.70 

P  C/33.10 

F  E/30.13 

P  g6a/27.00 

P  g6a/27. 00 

F  E/34.43 

P  gib/116. 00 
0  3/  3.35 

P  1 1  a/50.50 

P  1 1a/50. 50 

P  g5c/78. 00 

P  g5c/68. 00 

P  E/36.05 

P  g4c/35. 50 

P  g4c/55. 50 

P  g5b/29 . 50 

P  g4a/25. 50 

?  E/40.85 

P  g4a/25.50 

P  E/40.85 


v, 

C 


C/  A/25.67 
C/  A/  2.38 
C/  A/  2.38 
A/  C/30.32 
A/  3a/25. 00 
A/  C/34.75 
C/  8/  3.35 
C/  B/29.20 
C/  A/20.70 
C/  B/35.45 
A/  A/  3.35 
A/g2a/51 .50 
A/g2a/24. 50 
C/  3/17.91 
C/  A/25.67 
C/g 1a/96.  00 
C/  A/47.91 
C/  A/51.27 
C/g 1 a/96. 00 
C/g 1  a/38. 25 
P 
P 
P 

C/  A/25.67 
A/  1a/24.00 
A/  1a/24. 00 
A/  A/30.42 

C/  8/  3.35 
C/  8a/49.00 
C/  8a/49. 00 
A/g2b/52.  50 
A/g2b/48. 50 
A/  B/31.95 
C 
C 

C/g2b/27. 50 
A  * 

A 

A 

A 
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Destination 


Itas 


Bxs/Lbs  Mode  Rt/Cost  Area/Rt/Cost 
$ 


Eure  lea ,  Ca 
n  ' 


iEvansville,  II 
Paraington,HY 
n 


Port 


_ ith,Ar 

Portn»ayne,In 


Po an tain  Vlly,Ca 
Fresno,  Ca 
Puller-ton,  Ca 
Galviston,Tx 
Goose  creek, SC 
»  (Charleston)  J 
Grand  Rapids.ai 
Greenville, SC 

If 

w 

Hart  ford,Ct 
w 
n 
«v 

Hershey.Pa, 
Highland  Pk, Hi 
Hill  AFB.Ot 
Hollywood,  Pi 

Houston, Tx 
Irvine,Ca 

It  r 

Iowa  city,Io 

ti 

it 

Jackson ,Hs 
Johnstown,  Pa 

t« 

ti 

Kent^Wa 

it 

Knoxville, Tn 

Lakeland,  PI 
n 


Lancaster,  Pa 

It 

Lauderdale  Lks,?l 

N 


Little  Rock, Ar 
Los, Angeles, Ca 
Ha di son, is 

N 


Medford,  Or 
Heaphis,Tn 


ff 

II 


Hiaai,  PI 
♦  " 


1 

2 

1 

2 

1 

3 

4 

1 

? 

1 

1 

1 

3 

1 

1 

1 

1 

1 

1 

3 
1 
1 
1 
1 
1 
1 
1 
mm 

4 

5 
1 
1 
1 
1 
1 
1 
1 
1 

3 

4 
1 
1 
1 
3 

3 

2 
2 
1 
1 
1 
1 
1 

4 
1 
2 
1 
1 

5 
1 
2 
1 
1 


hand(|carry 


1/2 

1/22 

1/5 

1/3 

1/5 

1/28 

VAl 

1/165 
1/22 
1/4 
1/2 
1/1 
1/5 
1/2 
1/5 
1/34 
1/8 
2/500 
1/3 
1/1 
1/6 
1/1 
1/13  - 
1/5 
1/1 

VA2 

Y,V 

1/6 

1/2 

1/6 

1/4 

1/3 

1/2 

1/11 

2/32 

1/1 

VA 

1/2 

1/6 

1/1 

1/2 

1/2 

1/2 

1/192 

1/1 

1/6 

1/5 

1/38 

V* 

1/1 

1/8 

1/192 

1/8 

1/120 

1/5 

1/1 

1/2 


g2a/24.50 
’ 5c/63 .00 
E/37.4S 
B/  4.32 
D/33.20 
E/66.50 
E/66. 50 
5a/1 12. 00 
gib/99.00 


P 
P 
F 
0 
P 
P 
P 
P 

p  gia/33.'00 
U(saf  /  1.87 
p 
p 
0 
p 
p 
p 
0 
p 
p 
p 
p 
p 
p 
p 
0 


6a/27.00 
5b/29.50 
C/  6.92 
5a/26.50 
E/34.45 
5a/63.00 

g5a/635. 00 
S/31.57 
E/28.70 
E/36.05 
E/28.70 
g5a/43.00 
2b/27.50 
C/  2.51 

S 

P  lb/37.00 
0 (si)  /  1.50 

P  . 

P 
P 
P 
0 
P 
0 

0(sd) 

0s3 


1^11:18 

VAVA 

C/  4.72 
P/31.20 


/  7.04 

P'  g2a^30*.5? 

0  C/  4.72 
5b/29 . 50 
C/  8.03 
C/  2.51 
C/  3.61 
C/  3.61 
g5b/29.50 
g5b/285. 00 
*  C/  2.51 


P 

0 

0 

0 

0 

p 

p 

0 

0 

p 

p 

p 

p 

p 

p 

p 

p 

p 

? 


p 

p 

p 

p 

C/  lc/43.00 
C/  C/34.45 
C/  A/,4.32 
A/  B/30.20 
C  /  A/53.90 

C/  A/53.90 
C/g 1a/43. 00 


A/  5a/26.50 
A/  lb/27.00 

V/  2a/24.  50 
A/  A/28.70 
A/gla/35.00 

C/g4a/575.0 
C/  C/29.20 
C  /  C/26.95 
C/  C/33.10 
C/  B/26.20 
C/g  1  a/29. 50 

A/  B/  2.38 
A/g2b/46. 50 
A/  B/28.20 


I 


8^ 

B/  4.32 
E/30.13 


A/ 

C/ 

S/ 

p 


gla/24.00 

|s!^i!:88 

g5a/26.50 
g2a/30. 50 
g5a/282. 00 
E/39.25 
g5a/282. 00 
E/34.45 
E/28.70 
E/30.13 


A/  B/  3.36 
A/  2b/27.50 
A/  B/  7.23 
A/  B/  2.30 
C/  B/  3.35 
C/  B/  3.35 
A/g2a/27.50 
A/g2a/181.5 
A/  B/  2.38 
A/ 

C/gla/35.50 
C/  A/24.80 
C/gla/24.00 

A/g2a/178.5 
A/  A/37.80 
A/g2a/178.5 
A/*  A/28.70 
A/  A/26.20 
A/  A/27.20 


Destination 


ItBS 


Bxs/Lbs  Hole  Rt/Cost  Area/Rt/Cost 


Milwaukee, Wi 

«i  r 

n 

♦H ineola.NY 
Ho desto,Ca 
w 


n  4 

Hongoeery.Al  1 

Ht  Holly, ST  1 

Nuncie,In  1 

"  1 

«  1 

Nashwille,Tn  1 

«  12 

«  «  1 

♦  "  1 

♦Hew  Bruns wick,NJ  - 
Hew  Orleans, La  2 

♦  " 

♦Hew  York, HT  1 

Newark,  HJ  1 

"  2 

"  1 

«  1 

"  1 

♦Newport  Beach, Ca  1  . 
Newport  News, Va  1 

«  3 

Newport  Richey, Pi  1 

»  1 

"  3 

Nisbus.Ca  12 

Ocala, FI  1 

"  2 

"  1 

ok la ho ea  City, Ok  2 

♦  "  1 

♦  «  1 

Onasbruk,Geraany  1 

Orange, Ca  ] 

Orlando, PI  1 

n  1 

Palo  Alto,Ca  1 

Pensacola,  PI  1 

"  2 

»  2 

»  9 

"  1 

«  2 

Philadelphia,  *,  1 

♦Pinehurst,NC  1 

Phoenix, Az  1 

«  1 


1/5  0 

1/44  P 

1/2  P 

hand  carry 


q5YAhl° 

E/81.51 

E/30.13 


1/18 

1/5 

1/1 

YA5 

1/49 

1/4 

1/79 

1/7 

1/6 

1/2 

1/10 

1/12 

1/2 

1/5 

1/4 

1/1 

1/2 

YA° 

1/2 

1/2 

1/3 

1/2 

1/3 

1/45 

1/4 

1/30 

1/170 

1/10 

1/2 

1/2 

1/200 

1/192 


0 

0 

0 

p 

F 

F 

P 

P 

P 

P 

P 

P 

P 

P 

0 

P 

P 

F(sl 

0  (si 

P 

P 

P 

P 

P 

P 

P 

P 

P 

0 

P 

P 

P 

O 

P 

p 

p 


hand  carry 
1/38  P 

1/10  P 

2/90  P 

1/3  P 

1/43  P 

v,r  s 

VA°  l 

1/2  P 

1/2  F 

1/3  P 

1/3  P 

1/3  P 

1/2  P 

1/1  P 

1/2  P 

1/11  P 

1/1  P 

1/1  P 


C/21.27 
C/  6.92 
B/  2.38 
5a/68.50 
P/41.10 
E/34.45 
g5a/78.00 
E/33.01 
E/117. 16 
g5b/38. 00 
g5a/35.00 
g5a/26.50 
g5a/35. 00 
E/46.73 
C/  3.61 
E/34.45 
E/33.01 
)  E/17.77 

E^30ll§ 
E/69.70 
5b/29.50 
5b/29.50 
5b/29 . 50 
E/31.57 
lb/24.00 
P/32.70 
P/87.80 
C/  5.82 
D/63.52 
g4a/247. 50 

*  D/40.95 

gib/27.00 

g5a/272.50 

g5a/272.50 

E/69. 17 
g5a/35.00 

*  E/1 1^. 16 
g5a/26. 50 

E/80.63 
E/t 17. 16 
C/  8.03 
5b/52.00 
g2a/24. 50 

B/28.20 

g2a/24.50 

131^15:18 

.*^5:1 

B/26.20 


V,  I'Akh 


A/  A/18.88 
C/  A/  6.26 
C/  A/  2.38 
C/  4 a/57. 50 
C/  D/37.85 
A/  A/28.70 
A/gla/38.25 
A/  A/27.42 
A/  A/84 . 06 
C/g2b/33 .50 
A/g2a/30.50 
A/g2a/24. 50 
C/g2a/30.50 
C/y  A/40.32 
C/  A/  3.35 
C/  A/28.70 
C/  A/27.42 
C/  A/17.26 

A/  B/27.20 
A/  B/58.45 
A/  2b/27.50 
A/  2b/27. 50 
A/  2b/27.50 
A/  B/28.80 

A/  D/31.85 
A/  D/74. 11 
A/  B/  5.29 
A/  C/60.53 
A/g3a/21 1 .0 
A/  C/39.70 
P 
P 

A/g2a/166.5 

A/g2a/166.5 

A/  A/60.58 
A /g 2 a/30. 50 
A/  A/84. 06 

^  ! 
A/  lb/32.00 
P 
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Destination  Itas 


Sxs/Lbs  Hole  Rt/Cost  Area/Rt/Cost 


Plymouth  Bta, 
Po catello, la 

n 

Port  land.  Or 

n 


♦Portland,  Be 
Poughkeepsie, NT 
Provo, Ot 
♦Pueblo, Co 
Racine,  wi 
Reading, Pa 
Reno,Nv 
Richmond, ?a 
Rochester,  Hn 

N 

♦Rochester, NT 
♦  « 

Rye,  NT 

4  ft 


Sacraaento,Ca 

9f 


i 

Saginaw. Bi  1 

St.  Louis, Bo  1 

♦  "  1 

St.  Petersburg, Pi  1 

♦Salem, Or  .  - 

Salisburg,Bd  1 

Salt  Lake  City, at  1 

it  i 

San  Diego, Ca  1 

II  1 


San  Prancisco,Ca  1 

«  4 

"  1 

San  Jose,Ca  1 

"  3 

"  2 

San  Juan, PR  3 

San  Rafael, Ca  1 

«  1 

Santa  Cruz,Ca  1 

"  1 

♦Santa  Pe  Spngs,Ca1 
Santa  Baria.Ca  1 

Santa  Rosa.Ca  .  1 

sao  Paulo, Brazil  4 

Scranton,  Pa  2 

Seat tie, wa  3 


1/?5  l 

Y,U>  I 

1/2  P 

1/5  P 

1/2  P 

1/1  P 

1/1  P 

1/3  P 

1/192  P 

i/i  a 

1/2  P 

1/3  a 

1/2  0 

1/4  P 

1/4  P 

1/1  0 

1/1  P 

1/1  P 

1/2  P 

1/2  P 

1/1  P 

1/24  P 

1/25  P 

1/24  P 

1/1  P 

1/4  P 

1/22  P 

hand  carry 
1/4  0( 

1/10  P 


,2/30.13 
7a/51. 00 
7a/48. 50 
g2a/166. 50 
g2a/24.50 
B/30.20 
B/27.20 
B/26.20 
B/26.20 
2/31.57 
5C/302.00 

B/  2.58 
5a/26. 50 
B/  4.32 
C/  3.61 
gla/24.00 
5a/26. 50 
B/  2.38 
g6a/27. 00 
5a/26.50 
5a/26.50 
2/31.20 
2/28.70 
2/59.65 
2/61.05 
gl a/33. 00 
gla/24.50 
gla/24.00 
gla/33. 00 


C/  B/27.20 
P 


1/1  P 

1/2  p  g 

i/i  P 

1/1  o 

1/2  0(sd) 

1/7  P(sd) 

1/140  P  g 

1/6  P  g 

3/37  P  g 

2/230  P  g 

YA  {(.if 

hand(|carry 

1/10  0(si> 

ha  ndMcarry 

w 

1/41  P 

hand  carry 


0 (sd)  /  1.87 
Pl  g5a/35. 00 
P  2/28.70 
P  g5a/26.50 
P  2/28.70 

0 (sd)  /  1.50 
F(sd)  2/37.65 


g2a/178.50 
g2a/30.50 
gla/35.50 
g 1a/1 26. 00 
gla/24.00 
if  /  1.39 


/  2.00 


2V88, 


1/17 

1/1 


a  (sd) 
a  (sd 
a  }sd 


hand  carry 


1/22 

1/1 

1/5 

1/10 

1/9 


0 

P  5a/53. 
0 (sd)  /  1. 
P  g2a/24. 
0(sdf  /  2. 
P  g2a/30. 


C/  C/29.20 
C/  2C/231.0 
P 

C/  3/  4.32 
C/  A/  3.35 

A/  2a/24. 50 
C/  8/  2.38 
C/gla/24.00 
C/g4a/25.50 
C/g4a/25. 50 
C/  C/28.07 
C/  C/26.95 
C/  C/52.47 
C/  C/53.58 


C/g  1a/27.  50 
A/  B/26.20 
A/g2a/24.  50 
A/  B/26.20 
A/ 
p 

C/  B/33.70 


C/  2a/43. 50 

P 

P 

P 

P 


Destination  Itas 


Seoul,  Korea 

n9 

a 

Sioux  Falls, SD 
•South  Bend, In 
Spokane, Ba 


#  ■ 

#  " 

St  ockton.Ca 
Suaait  ,RJ 
« 

Syracuse,  Hy 
Toledo, Ob 
Torrance,Ca 

n 

Tucson,  Az 

n 


Tulsa,Ok 

#  " 

#  « 

Balia  Balia, Ba 


Balnut  Creek.Ca 
Bashington,DC 
Best  Jordan, Ot 


#  « 

#  » 
t  " 

Bst  Palm  Beach, FI 

wileington,Del 

Bileington,MC 


Youngstown, Oh 


Bxs/Lbs  Bode  Ht/cost  A rea/Bt/Cost 


VA% 

YA 

1/35 

1/1 

1/4 

1/2 

1/1 

1/32 

h,|a 

1/2 

1/10 

1/3 

1/2 

1/1 

1/18 

1/7 

1/7 

1/4 

1/9 

1/1 

1/1 

1/1 

1/192 

1/10 

1/13 

1/2 

1/2 

1/10 

1/3 

1/6 

1/49 

1/5 

1/4 

1/4 

1/4 

1/3 

1/25 

1/2 

1/1 

1/3 

1/1 

1/20 


0 

0 

0 

0 

F 

0 

F 

F 

F 

P 

F 

carry 

F 

P 

P 

P 

P 

F 

P 

P 

F 

F 

P 

F 

P 

P 

P 

P 

P 

F 

F 

F 

F 

P 

F 

P 

F 

F 

F 

F 

0 

0 

p 

F 

P 


E/73.90 

C/26.95 

g3a/39.00 

C/29.20 

E/30. 13 
E/30.13 
5a/35.Q0 
g5a/26.50 
gla/24.00 
gla/24.00 
C/48.32 
g3a/32.00 
§3a/32.00 
C/30.32 
D/39.40 
g4a/25. 50 
D/27.70 
9a/49.50 
9a/264. 00 
9a/5l.00 

g?a^2?IoO 
E/30.13 
B/38.95 
B/28.20 
B/31.95 
g2b/57.50 
B/30.20 
g2b/27. 50 
B/29.20 
B/29.20 
E/31.57 
E/61.05 

C/  2.51 
12a/5 1.00 
D/30.70 
5a/49.00 


P 

P 

P 

C/ 

C/  i/58.95 


C/  i/25.67 
C/  i/25.67 
C/g3a/32. 00 
C /gla/24.00 
P 


i/  B/37.20 
i/g3a/25. 00 
1/  3/26.20 


C/  B/27.20 
P 


i/  B/28.20 
C/  i/49.97 
A/ 

A/ 

A/g2a/24.50 
A/  B/29.20 
C/gla/32.00 


*  F«  Federal  Express:  Priority  One  (unless  othsrwise  noted) 
P«  Profit  By  Air:  Express  "  "  " 

0*  OPS:  Blue  Label  Air 


0»  other 

**  A*  Atlanta 
c*  Chicago 
P»  Palo  Iltc 


#  Denotes  data  collected  for  the  week  of  Oct  30  through 
Hot  4r  198 I • 
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kusmi  s 

&B2MS22S  2£  l  SASS2  12*2 


Prom:  Gary  V.  Strawn 
To:  Hr.  Ed  Kelly 

Sub  j:  Material  Planning  foe  Medical  Group  Service  Support 


1.  BACKGROUND 

The  intent  of  the  this  study  is  to  investigate  the  posi- 
bilities  of  adapting  or  aodifying  the  existing  KMS  MSP 
capabilities  to  the  highly  volatile  and  unpredictable 
demands  of  service  support.  The  material  managers  in  the 
service  support  section  have  found  the  system  to  be  unsatis¬ 
factory  in  computing  inventory  requirements  to  meet  the 
unscheduled  needs  of  the  sarvice  organization.  In  order  to 
sake  any  improvement  in  the  cost  effectiveness  of  the  HR? 
for  service  support,  we  first  had  to  analyze  how  the  current 
inventory  quantities  were  being  determined,  and  what 
problems  were  causing  the  continuing  deficiencies. 

B.  EVALUATION  OF  TBE  CURRENT  PROCESS 

The  current  process  for  determining  stock  allocations  to 
maintain  four  month's  average  demand  in  inventory,  at  each 
of  the  three  regional  stock  points,  is  complicated.  It  is  a 
time  consuming  manipulation  of  periodic  usage  listings  and 
material  control  reports.  The  results  are  questionable. 

Examples  of  the  reports  utilized  in  the  current  process 
may  be  seen  in  Enclosure  1  under  part  number  00-808202-01. 
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1*  Za^ti^ted  aiiis  2fc  aateiill 


The  inventory  aanager  has  applied  a  great  deal  of 
tine,  energy  and  ingenuity  in  creating  a  "bill  of  aaterial" 
for  each  inventory  site.  These  "bills  of  aaterial",  are 
actually  an  ingenious  adaptation  of  the  KBS  report  XHSL: 
"Single  Level  Explosion".  The  report  vas  designed  as  a 
breakdown  of  an  asseably  into  its  soaponent  parts.  It  was 
to  be  used  as  a  bill  of  aaterial  for  an  asseably  in  the 
preparation  of  factory  planning  docuaents  and  the  analysis 
of  possible  coaponent  substitutions. 

In  the  adapted  report,  as  shown  in  Enclosure  la,  a 
fictitious  part  nuaber  "A3  1STOCK01"  is  substituted  for  an 
asseably  nuaber,  and  the  explosion  is  an  inventory  listing 
for  regional  stock  point.  Unit  31,  "Midwest".  In  this 
fabricated  regional  inventory  report,  each  part  nuaber 
selected  for  inventory  at  a  given  site  is  listed.  It 
includes  the  noaenclature,  unit  of  issue,  quantity  required 
per  four  aonth  inventory  level  and  unit  cost,  for  each  part 
nuaber.  The  date  of  the  latest  change  is  aanually  entered 
in  the  Engineering  Change  Order  "ECO"  coluan,  and  the  date 
of  the  latest  transaction  date  is  entered  autoaatically  by 
the  systea  in  the  Latest  Change  Date  "LCD"  coluan. 

2*  IHXSfl£2£X  SSLSJli£I12a£s 

The  average  aonthly  usage  for  the  period  1  October 
'80  to  31  August  '81  vas  7.6,  so  the  desired  inventory 
figure  rounded  up  to  32  was  placed  into  the  "QTY/AST"  coluan 
of  Chicago's  bill  of  aaterial.  This  becoaes  the  projected 
four  aonth  allocation  figure  shown  in  coluan  "COR5H/ALLO"  of 
the  coabined  Shortage  and  Prefill  Report  (Part  sequence) , 
Unit  31.  This  figure  is  subtracted  froa  the  Projected 
Stores  quantity  three  tines,  and  the  projected  annual 
deficit  figure  "31-"  appears  in  the  "RSULT  STRES"  coluan 
next  to  Issue  Day  960. 
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3 .  BUsiaa  IS53SS 


when  it  has  been  determined  that  a  projected  shor¬ 
tage  exists  at  a  regional  stock  point,  a  transaction  against 
the  part  number  and  the  desired  issue  day  must  be  manually 
entered  on  a  KHS  terminal  or  hand  written  on  a  transmittal 
sheet,  as  shown  in  Enclosure  1b.  This  action  will  cause  a 
deck  o£  issue  cards  to  be  printed,  which  are  then  compared 
with  the  relative  demand  dates  and  existing  inventory  shor¬ 
tages  placed  against  each  part  number  for  the  other  regional 
inventories  as  they  appear  on  the  Combined  Shortage  and 
Prefill  Report  (Part  Sequence)  Unit  00,  as  shown  in 
Enclosure  1c.  When  the  part  in  question  does  not  appear  on 
the  Division  report,  as  is  the  case  with  our  example,  then 
it  means  that  there  is  some  in  stock  at  one  of  the  regional 
sites  and  no  issue  is  made.  This  procedure  effectively 
negates  the  policy  of  maintaining  stock  at  each  site. 

4.  naming  mssa&gas 

When  an  allocation  is  to  be  made,  an  issue  card  is 
submitted  to  the  HRP  system.  Varying  lot  sizes  are  deter¬ 
mined  by  the  inventory  manager.  He  makes  what  he  calls  an 
"ABC  decision",  which  is  based  on  the  relative  cost  and  lead 
time  of  an  item.  High  cost  and  short  lead  time  items  are 
submitted  in  four  month  quantities,  whereas  low  cost  long 
lead  time  items  are  submitted  in  annual  quantities.  Others 
may  be  submitted  semi-annually.  This  is  currently  a  slow, 
arduous  and  apparently  very  subjective  or  arbitrary  process. 
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5-  ItS&lSia  sasgafl£g£ii  SL2&  ite  £2£££&£  &I2SS2S 


a.  Cumbersome  Manual  Operations 

The  inventory  listings  have  to  be  inserted  into 
the  report  structure  under  the  appropriate  regional  stock 
point  "assembly  number".  This  has  been  done  aanually  by 
sorting  thousands  of  stock  cards  and  then  having  then  input 
into  the  systea.  The  aanhours  required  for  the  initial 
operation  were  estiaated  to  be  in  excess  of  one  hundred,  and 
updating  continues  to  coasuae  approximately  four  aanhours 
per  week.  Being  a  very  dedicated  worker,  the  inventory 
aanager  has  been  taking  a  great  deal  of  the  annual  sorting 
work  home  and  doing  it  after  hours.  Sith  the  existing 
systea,  such  a  worker  becoaes  invaluable,  which  is  a 
separate  problem  to  be  discussed  later. 

b.  Inacuracies  in  the  Existing  Osage  Data 

A  major  problem  is  the  inherent  inaccuracy  of 
determining  the  desired  inventory  quantities  from  the 
existing  usage  data.  Currently,  a  four  aonth  average  demand 
for  each  part  number  in  the  regional  inventory  is  manually 
computed  by  the  inventory  aanager.  He  utilizes  an  existing 
Cobol  program  which  accesses  the  Internal  Revenue  Service 
(IRS)  data  base.  The  data  base  was  designed  for  coaputation 
of  inventory  values  for  tax  purposes.  Therefore,  the  report 
displays  the  aonthly  usage  of  each  part  nuaber  by  stock 
point  (unit)  for  the  current  fiscal  year.  ilthough  twelve 
aonthly  columns  are  printed  on  each  report,  only  those  in 
the  current  fiscal  year  are  computed.  The  others  are  left 
blank. 

The  inventory  aanager  chose  to  utilise  the 
August  1981  report  with  ten  aonths  of  coaputed  data  for  his 
initial  coaputations.  It  is  shown  in  Enclosure  Id,  as 
report  nuaber  068  AB9XRH-01 :  "Part  Osage  by  Region".  The 
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average  monthly  usage  figure  is  aultiplied  by  four  and,  if 
less  than  one,  rounded  to  the  nearest  half.  The  resulting 
figures  are  then  inserted  aanually  into  the  "QTY/ASY"  coluan 
of  each  regional  "bill  of  aaterial"  as  the  desired  level  of 
inventory.  Because  the  usage  report  reverts  bach  to  zero  at 
the  begining  of  the  nev  fiscal  year,  the  initial  usage 
figures  will  have  to  be  used  for  nearly  a  year  before  real* 
istic  nev  averages  can  be  coaputad.  The  axisting 
coaputations  are  tiae  consuaing,  unsophisticated  and  of  very 
questionable  validity. 

The  calculated  inventory  quantities  have  to  be 
aanually  inserted  into  the  fabricated  "bills  of  aaterial". 
KBS  then  aanipulates  the  data  base  so  that  this  quantity 
appears  in  the  "C0RSH/ALL3"  (Current  Shortage  /  Allocation) 
coluan  of  report  nuaber  068  AB1 070-031:  "Coabined  Shortage 
and  Prefill  Report,  Part  Sequence",  as  shown  in  Enclosure 
1e.  This  projected  usage  quantity  is  autoaatically 
subtracted  froa  the  on  hand  quantity  shown  in  the  "PRJCT 
STBS"  (Projected  Stores)  coluan  and  the  difference  is  shown 
in  the  "RSOLT  STRES"  (Resulting  Stores)  coluan.  ahen  the 
inventory  aanager  provides  arbitrary  H-days,  usually 
selected  at  four  aonth  intervals,  these  dates  appear  in  the 
"ISS  DAY"  (Issue  Day)  coluan. 

c.  Lead  Tiae  Coaputations 

Recurring  coaplaints  have  been  tale  by  the 
Division  material  planners,  addressing  the  laclc  of  adequate 
lead  tiae  coaputations  in  the  service  support  systea.  The 
creator  of  the  current  system  has  responded  by  attempting  to 
coapute  lead  tiaes  froa  the  various  existing  reports,  and 
include  then  in  his  issue  order  coapatations.  Most  assem¬ 
blies  have  three  separata  lead  tiaes  which  coaid  be  used. 
Two  are  listed  against  the  asseably  nuaber  in  the  KBS  data 
base.  One  is  listed  under  Division  60  (aanufacturing)  and 
another  under  Division  68  (service).  The  difference  is  due 
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to  decoupling  tine.  The  third  lead  tiae  has  been  provided 
to  the  service  inventory  sanager  in  the  £ora  of  a  deck  of 
cards,  by  the  aaterials  planning  section.  They  include  a 
coepilation  of  lead  tines  for  each  of  the  subasseablies.  In 
one  case  observed  at  randoa  by  the  author,  the  M60N  lead 
tiae  was  fifteen  days.  The  "68"  lead  tiae  was  twenty  five 
days,  and  the  card  showed  one  hundred  and  ten  days.  In  an 
effort  to  be  aore  accurate,  the  inventory  aanager  called  up 
a  part  nuaber  "explosion"  on  his  KHS  terainal,  and  was 
coaputing  an  even  larger  lead  tiae  by  suaaing  those  of  the 
coaponent  parts.  His  efforts  and  perseverance  are  laudable, 
but  such  a  process  can  not  possibly  be  coapleted  for  the 
thousands  of  parts  currently  in  the  planning  cycle. 

d.  Inefficient  Utilization  of  the  KHS  Inventory 

Control  Systea 

ill  of  these  adaptations  of  KHS  reports  lead  to 
the  inefficient  use  of  the  HCS  and  HRP  processes.  The  bill 
of  aaterial  foraat  was  designed  to  facilitate  hrp  for  aanu- 
facturing  purposes.  It  has  the  capability  to  consider 
hierachical  relationships  and  deaand  dependence  between 
parts  and  asseablies.  Utilizing  this  foraat  to  create 
regional  inventory  listings  wastes  coaputer  tiae. 
Furtheraore,  these  bills  had  to  be  arbitrarily  broken  down 
into  segaents  of  250  iteas  in  order  to  facilitate  the 
arduous  annual  operations  required.  This  was  necessary 
because  the  size  of  the  regional  inventories  far  exceeds  the 
file  size  designated  for  an  asseably  breakdown. 
Furtheraore,  the  statistical  forecasting  features  and  HSP 
calculations  are  not  being  utilized. 

6.  sialaailaa  samci 

The  current  systea  requires  far  too  such  annual 
input  and  variation  of  the  aechanizsd  reports.  It  is  so 
coaplex  and  non  standard  that  the  aanagers  are  fearful  of 
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loosing  the  creator  of  the  system,  for  even  a  short  period 
of  tiae.  No  one  else  understands  the  aodified  reports  veil 
enough  to  sake  thea  work. 

In  addition  to  easting  manhours  and  computer  time, 
the  current  systea  builds  an  inventory  based  on  an  inade¬ 
quate  data  base,  which  is  rapidly  becoaing  obsolete. 
Furthermore,  even  if  the  usage  report  could  be  aodified  to 
provide  current  annual  figures,  the  aethod  of  determining 
the  allocations  quantities  froa  the  usage  data  is  erroneous. 
Rather  than  aaintaining  an  average  of  four  months  usage  in 
inventory,  the  current  systea  merely  presumes  to  compute  the 
projected  deficit  for  the  end  of  am  arbitrary  period  and 
allocate  material  to  that  location  before  it  stocks  out. 
The  resulting  stock  levels  could  be  anywhere  between  a  full 
years  supply  and  a  long  tarn  stockout.  This  depends  on  the 
lead  tiae,  the  periodicity  selected  for  shipment,  and  the 
order  quantity.  There  is  no  systematic  method  for  balancing 
unit  cost,  demand  frequency,  stock  out  costs,  desired 
inventory  effectiveness,  economic  lot  size  or  laad  tiae. 

At  the  end  of  the  first  four  month  period  under  the 
existing  systea,  only  50.7  percent  of  the  computed  stock 
requirements  were  actually  shipped.  Reasons  cited  for  this 
failure  are  lack  of  manpower  to  process  the  shipments  and 
long  lead  times  required  for  procurement  or  manufacture  of 
many  of  the  items.  The  diligence  and  experience  of  the 
inventory  manager  may  eventually  overcome  these  problems. 
However,  the  current  system  is  not  providing  the  type  of 
management  information  required.  The  khs  HCS  and  HRP 
systems  were  allegedly  designed  to  provide  the  required 
information.  Why  are  they  not  utilized? 
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C.  KBS  BATEBIA1  REQUIRE  BEETS  PL1HSIBG  CAPABILITIES 

The  KBS  BBP  module,  which  has  apparently  been  highly 
successful  in  supporting  the  Division's  sanufacturing  opera* 
tion,  is  designed  to  perform  all  of  the  necessary 
coaput&tions  and  display  the  desired  information  in  output 
HGS:  "Baterial  Planning  Action  Report".  The  system  computes 
projected  demand  and  sets  back  the  time  frame  based  on  lead 
time  and  decoupling  time,  and  allows  for  a  safety  factor  if 
desired.  It  utilizes  the  standard  Economic  Order  Quantity 
(BOQ)  formula,  based  on  the  unit  prize,  annual  use,  order 
cost  and  holding  cost.  These  factors  are  further  modified 
by  stabilizing  factors  which  are  built  on  the  assumption 
that  variations  will  follow  a  Poisson  Distribution.  Suffice 
it  to  say  that  the  BBP  module  contains  a  sophisticated 
series  of  computations  which  should  yield  valuable  inventory 
planning  information. 

The  annual  usage  figure  is  a  sum  of  the  scheduled 
requirements,  special  memo  requirements,  safety  stock,  and  a 
statistical  forecast  of  unscheduled  requirements,  it  is  the 
Statististical  Forecast  which  has  caused  the  report  to  be 
disregarded  by  the  material  managers  in  the  service  support 
section.  The  Statistical  Forecast  is  calculated  only  from 
Transaction  Code  73  "Issue  Parts  from  Stores  to  Record 
Statistical  Usage".  For  whatever  reasons,  improper  coding 
of  service  support  issues,  anomalies  in  the  regional  stock 
issue  procedures  or  some  -in  known  glich  in  the  computations, 
the  resulting  figures  have  been  considered  unacceptable  by 
the  material  managers. 

i-  fisaaiui  MiPtaUpaa 

In  order  to  utilize  the  RCS  and  RRP  modules  to 
replace  the  cumbersome  system  of  jury  rigged  "bills  of 
material"  now  being  used,  realistic  demand  forecast  data 
must  be  provided.  Thera  are  three  possible  methods  of 
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providing  the  data.  First,  the  Statistical  Forecast  coaid 
be  ased  directly  as  it  is  calculated  in  the  part  history 
file.  This  data  had  been  rejected  earlier  as  being  inaccu- 
rate,  bat  the  reason  is  still  unclear.  The  second 
possibility  is  to  vary  the  weighting  and  or  exponential 
saoothing  processes  or  correct  statistical  reporting  proce- 
dares  so  that  the  Satistical  Forecast  becoses  usably 
accurate.  If  it  is  deterained  that  the  statistical  calcula¬ 
tions  can  not  be  aade  acceptable,  then  KMS  allows  for  the 
Statistical  Forecast  to  be  set  at  any  arbitrary  value.  An 
average  daily  usage  factor  coaid  be  obtained  by  aodifying 
the  existing  COBOL  prograa  which  is  used  to  create  the 
"Regional  Osage  Report"  shown  in  Enclosure  Id.  This  can  be 
achieved  by  accessing  the  KMS  part  history  data  base  for  any 
desired  period,  vice  the  current  fiscal  year  data  now  being 
obtained  froe  the  Coepany*s  IRS  files.  This  value  could  be 
weighted  for  the  eost  recant  period  and  subjected  to  a 
stabilizing  factor  similar  to  the  KBS  HCS  statistical 
Forecast  foraulae.  Manual  screening  for  periodic  varia¬ 
tions,  shewing  or  comparison  with  the  KBS  HCS  Statistical 
Forecast  would  be  possible  prior  to  feeding  the  factor  into 
the  HRP  process. 

Once  an  acceptable  forecast  is  provided  to  the  Part 
History  File,  the  existing  HRP  and  HCS  programs  should 
preclude  the  need  for  the  current  laborious  system. 
Furthermore,  the  material  planners  will  have  the  same  visi¬ 
bility  of  projected  service  support  requirements  that  they 
now  have  for  manufacturing  requirements.  This  will  allow 
the  material  and  inventory  managers  to  concentrate  on 
refining  the  established  guidelines  and  responding  to' 
exceptional  requirements. 
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2.  AUssiiaa  Ltocjcina  Lev§i§ 

The  safety  stock  aultiplier  has  been  set  in  the 
Material  Control  Systea  at  1.65  for  parts  with  a  unit  cost 
greater  than  one  dollar,  and  2.33  C or  those  less  than  one 
dollar.  These  aulti pliers  are  applied  against  the  square 
root  of  the  product  of  the  average  daily  statistical  usage, 
lead  tine  in  M-days  and  the  average  units  on  one  "statis¬ 
tical"  requisition.  The  result  shoald  yield  a  stock  out 
level  of  five  percent  for  aost  iteas  and  two  percent  for 
those  costing  less  than  one  dollar,  siailar  to  the  type  of 
breakdown  recoaaended  in  the  initial  study.  If  the 
resulting  inventory  levels  are  not  satisfactory,  these 
values  aay  also  be  arbitrarily  set. 

To  preclude  excess  inventory  at  one  regional  stock- 
point  froa  screening  shortages  at  another,  the  HGG  Unit  00 
(Material  Planning  Action  Report)  could  be  requested  for 
each  region  independently.  Safety  Pactors  could  be  applied 
to  each  region  separately,  or  an  agregate  report  could  be 
requested  for  the  Division,  with  the  safety  stock  allocated 
only  to  the  hoae  office. 

The  bottoa  line  is  that  a  few  adaptations  of  the 
existing  MBP  and  MCS  prograas  should  preclude  the  need  for 
the  current  laborious  systeas.  The  proposed  changes  will 
allow  the  aaterial  aanager3  to  concentrate  on  refining  the 
established  guidelines  and  responding  to  exceptional 
requireaents.  I  would  like  to  continue  pursuant  to  this 
end. 
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Enclosure  1.  Examples  of  "Adapted"  Data  Products 
a)  Bill  of  Haterial  for  stockroom  31 
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b)  Part  Osage  by  Region:  Report  froa  IRS  Pile 
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e)  Combined  Shortage  and  Prefill  Report:  Unit  00 


uusra  s 

asflssMBsa  qz  22  aiul  mi 


Proa:  Gary  w.  strava 
To:  Hr.  Ed  Kelly 
Via:  Hr.  Jia  Tounkin 

Subj:  Iapleaentation  of  HRP  for  Radical  Group  Service 
Support 

A.  SVALOATIOI  OF  STATISTICAL  FORECASTS  AS  PREDICTORS 

A  saaple  of  100  part  nuabers  was  selected  from  the  2800 
which  showed  usage  in  the  reports  dated  August  1981  (the 
tiae  fraae  being  used  in  the  current  system).  Statistial 
Forecasts  in  the  Part  Hi3tory  File  and  the  average  usage 
froa  the  Regional  Osage  Report  (IRS  File)  were  compared  with 
the  recorded  usage  for  the  six  aonth  period:  October,  1981 
through  Harch,  1982. 

An  eapirical  comparison  of  the  caw  usage  data  recorded 
for  each  part  on  a  aonth  by  aonth  basis,  revealed  the  two 
predictors  to  be  so  far  apart  that  it  seeaed  there  must  be  a 
problem  in  the  data  inputs.  There  were  three  apparent  prob- 
leas  which  explain  soae  of  the  disparity.  First,  although 
the  two  reports  were  dated  "August  31",  the  Part  History 
File  included  August  data,  whereas  the  Regional  Osage  Report 
did  not.  Secondly,  the  Regional  Osage  Report  only  included 
data  for  the  current  fiscal  year,  in  this  case,  ten  months, 
while  the  Part  History  File  only  displayed  data  froa  the 
past  six  months,  it  calculated  the  Statistical  Forecast  over 
an  unlimited  period,  based  on  the  weighting  foraulas 
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described  in  the  KMS  annual.  The  third  problea  caae  froa 
cancelled  orders,  the  cancelled  data  was  not  removed  froa 
the  IRS  file  in  tiae  to  keep  it  froa  appearing  in  the 
report.  The  cancelled  orders  had  been  properly  removed  froa 
the  Part  History  Report.  A  total  of  nine  part  naabers  in 
the  saaple  were  affected  by  these  administrative  problems. 
The  reaaining  ninety  two  i teas  showed  absolute  correlation 
in  the  raw  usage  data,  which  supports  the  Service  Manager's 
claia  that  the  data  is  being  input  correctly. 

Regression  analysis  perforaed  on  the  IBH  3033  coaputer 
at  the  Naval  Postgraduate  School,  utilizing  the  IDA  software 
package,  revealed  that  the  IRS  data  was  not  statistically 
significant  as  a  predictor  of  the  actual  usage  recorded. 
The  part  history  value  was  statistcally  significant  at  the 
ninety  five  percent  confidence  level,  but  the  skewing  of  the 
residual  values  was  great  enough  to  cast  serious  doubt  on 
its  practical  usefulness. 

The  aost  obvious  example  of  an  ecronious  predictor*' shown 
in  the  saaple  data  (Enclosure  1)  is  part  nuaber  0083472602. 
The  Part  History  File  showed  a  demand  record  of  twelve  in 
April,  ten  in  Hay  and  110  in  August.  Its  coaput9d 
Statistical  Forecast  (converted  to  a  Honthly  figure  for 
coaparison  purposes)  was  40.4.  The  actual  usage  for  the  six 
aonth  test  period  was  zero.  The  Regional  Osage  Report  did 
not  have  the  August  data,  but  the  reeaining  data  was  iden¬ 
tical.  The  average  aonthly  usage  was  computed  to  be  6.8. 
If  the  August  data  was  included  the  average  would  have  been 
twelve.  The  straight  average  in  the  Regional  Osage  Report 
was  obviously  the  best  predictor  in  this  instance,  even 
though  it  was  coaputed  froa  the  significantly  saaller  IRS 
data  base.  These  results  lead  to  the  hypothesis  that  a 
flattened  response  curve  could  reduce  the  erronious  skewing 
of  the  weighted  Statistical  Forecast  in  the  Part  History 
File. 
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1.  iks  SiEOflsaiial  laasikiaa  Hzi°z 

The  over  responsiveness  to  sporadic  changes  in  usage 
is  a  funtion  of  the  Exponential  Smoothing  Pactor  (ESP).  It 
is  designed  to  increse  responsiveness  to  changing  market 
trends  This  responsiveness  is  neither  necessary  or  desirable 
when  responding  to  the  relatively  slow  changes  expected  in 
dealing  with  sechanical  or  electronic  failure  rates,  as 
approxiaated  by  either  of  the  coaaonly  used  Exponential  or 
leibull  distributions.  k  review  of  the  saaple  data  with 
inventory  and  service  personnel,  reveals  that  aost  sporadic 
increases  in  usage  appear  to  be  a  result  of  soae  special  set 
of  circuastances  or  errors  in  ordering.  In  either  case,  it 
is  not  desirable  to  allow  these  instances  to  overly 
influence  future  stocking  levels. 

The  skewing  can  be  reduced  by  reducing  the  ESP  value 
used  in  the  coaputations.  k  discussion  with  personnel  in 
the  Management  Inforaation  Section  has  resulted  in  reducing 
the  ESP  to  ".154"  which  approxiaates  a  twelve  aonth  moving 
average.  The  selection  was  an  arbitrary  one,  to  be  used  on 

a  trial  basis  only. 

This  smoothed  Statistical  Forecast  is  still  only  a 
crude  predictor  of  future  r equi resents.  However,  it  is  aore 
accurate  than  the  values  being  used  now,  and  is  approaching 
optimal  usage  of  the  historical  data  available.  It  should 
provide  a  fairly  stable  input  to  the  HRP  process  without  any 
prograa  changes.  Continued  aonitoring  of  both  input  and 
output  data  should  continue,  and  further  adjustaent  of  the 
BSP  will  probably  be  required. 

2.  fiaaiiia&iiaa  x&b  lanafiislaciaa  Biilalaa 

The  iapleaentation  planning  lettings  to  date,  have 
concentrated  on  procedures  for  handling  the  service  support 
inventory  requireaents  within  the  Material  Planing  Section 
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of  the  Manufacturing  Division  (60).  Excellent  progress  has 
been  aade,  and  an  agrees ent  to  utilize  the  aodified 
Statistical  Forecast  as  an  input  to  the  MBP  process  has  been 
reached.  Concern  has  been  expressed  over  the  validity  of 
the  lead  tiae  computations,  if  the  statistical  input  is  aade 
directly  to  Division  60  MBP .  in  alternative  would  be  to  run 
a  separate  EBP  for  Division  68  with  specifically  designated 
lead  tines.  Presumably,  the  results  of  this  process  would 
be  treated  as  required  orders  which  are  submitted  directly 
to  purchasing,  or  placed  into  the  Division  60  MBP  as  planned 
requirements. 

The  internal  processes  of  material  procurement  are 
beyond  the  scope  of  this  study.  However,  there  are  two 
salient  points  to  be  aade.  First,  the  Statistical  Forecast 
is  only  an  educated  guess  at  future  demand.  with  the 
nominal  correlation  shown  in  this  evaluation,  it  would  be 
best  if  the  resulting  demand  could  be  stated  in  terms  like 
"a  few  of  these"  and  "a  bunch  of  those".  The  predictive 
value  is  really  no  more  accurate  just  because  a  computer 
assigns  it  a  numerical  value.  The  problem  becomes  serious 
when  material  planners,  who  are  used  to  being  held  accoun¬ 
table  on  a  quantitative  basis,  lend  more  value  to  the 
numbers  than  they  deserve.  We  can  then  waste  a  great  deal 
of  effort  and  expense  trying  to  meet  these  "required 
delivery  schedules"  when  they  are  only  predictions  of 
routine  demand. 

Secondly,  concern  for  lead  tiae  in  this  instance  is 
greatly  unwarranted.  Because,  the  statistical  demand  is 
based  on  historical  data,  the  initial  demand  will  always 
appear  to  be  late  by  the  amount  of  lead  tiae  prescribed. 
For  example,  if  the  Statistical  Forecast  for  an  item  is  one 
every  two  months  and  the  lead  tiae  is  100  days,  the  first 
month  the  input  to  MBP,  will  produce  an  overdue  demand  for 
two,  plus  the  safety  factor.  The  system  will  continue  to 
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order  one  every  two  aonths  as  long  as  the  usage  stays  the 
saae.  If  usage  drops  off,  we  are  left  with  excess  in  inven¬ 
tory  plus  the  two  already  in  the  ordering  process.  There  is 
a  fallacy  in  considering  statistical  forecasts  in  the  saae 
way  we  do  deaand:  the  reguireaents  are  auch  sore  likely  to 
disapear  or  aultiply  before  the  aaterial  arrives.  The  lead 
tiae  value  helps  by  speeding  the  response  to  any  increased 
deaand  but  it  equally  slows  the  responsiveness  to  decreasing 
trends. 

Efforts  to  ia prove  lead  tiaes  should  be  Halted  by 
the  level  of  accuracy  of  the  Statistical  Forecasts. 
Atteapts  to  gain  an  edge  on  this  unpredictable  deaar.d  by 
adding  to  lead  tiaes  will  only  add  expense.  All  we  can  hope 
to  do  is  gain  a  hedge  against  the  routine  deaands,  and 
conserve  aanpower  for  response  to  the  exceptions. 

3 .  Periodic  Review 

One  very  valid*  concern  expressed  by  the  aaterial 
planning  division  is  that  the  Statistical  Forecast  will  be 
allowed  to  run  the  systea  unchecked.  Again,  it  aust  be 
eap hasized  that  the  predictive  value  of  the  Statistical 
Forecast,  even  with  increased  saoothing,  will  be  question¬ 
able.  Periodic  review  and  aodification  by  experienced 
aaterial  planners,  focussing  on  exceptional  circuastances 
and  known  idiosyncrassias,  is  iaperative  for  success.  A 
data  base  access  prograa,  which  would  allow  easy  access  to 
the  Part  History  File,  woald  aake  such  a  periodic  review 
possible.  Hopefully,  it  will  also  flag  significant 
aberrations  in  the  data,  for  aanagaaent  review. 

Adjustaent  of  stocking  levels  for  specific  equip- 
aents,  can  be  accoaplished  in  two  ways.  The  MRP's  SOQ 
coa potations,  if  left  intact,  will  vary  stocking  levels  in 
accordance  with  the  relative  cost  and  deaand  of  each  itea. 
Desired  aanipulation  of  stocking  lsvels  to  accoaaodate 
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subjective  evaluations  of  the  importance  of  an  itea  or  to 
coapensate  for  the  fact  that  it  is  out  of  production,  should 
be  aade  by  varying  the  Safety  Factor. 

B.  ADUBTiGBS 

The  greatest  advantage  of  the  3ystea  is  in  manpower 
savings.  By  utilizing  the  existing  BCB  and  HBP  autoaated 
systems,  aost  of  the  work  being  done  by  the  inventory 
manager  can  be  eliainated.  Bis  efforts  can  now  be  concen¬ 
trated  on  handling  exceptional  deaands  and  periodically 
reviewing  the  coaputed  Statistical  Forecasts  for  anoaalies. 
The  latter  task  should  be  aided  by  the  addition  of  the 
Statistical  Forecast  review  program  now  being  written. 
Ideally,  it  will  convert  the  daily  values  to  eore  easily 
understood  aonthy  figures,  for  dispLay  puposes  only.  The 
program  should  convert  changed  values  into  daily  figures 
before  inserting  then  into  the  Part  History  File. 

There  should  not  be  a  reguiraent  to  use  the  Begional 
Osage  Beport  average,  but  it  should  be  retained  for  compar¬ 
ison  purposes,  at  least  until  an  optimal  ESF  has  been 
determined. 
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The  following  regression  products  were  computed  using 
the  IDA  software  package  on  the  IBH  3033  coaputer  at  the 
Naval  Postgraduate  School,  Honterey,  California. 

The  first  series  of  reports  show  regression  of  Actual 
Osage  data  (dependent  variable)  against  Part  History  data 
(independent  variable).  The  second  series  show  regression 
of  Actual  Osage  data  (dependent  variable)  against  average 
Begional  Osage  fros  the  IRS  file  (independent  variable). 


A.  PART  BISTORT  AS  A  PREDICTOR  OP  ACTOAL  OSAGE 


COHBAND>  PROB  **** 


DISTRI BOTION  •  STOD  * 

OPTION  *  I  » 

DEGREES  OF  PREEDOfl  « 

98 

PR (L<T<U)  » 

0.0202 

L  » 

2.0780  0  - 

9999.0 

PR(L<T<D)  < 

0.0001 

L  * 

1  1.071  0  » 

9999.0 

The  first  probability  value  "0.0202”  being  less  than 
0.05  allows  us  to  sake  the  following  stateaent: 


At  thp 

5f! 


_ _  95  E  confidence 

ly  pot  has  is  that  the  si 


level,  we  eay  reject  the 
of  the  regression  line 


ope 


That  is,  we  aay  reject  the  hypothesis  that  there  is  no 
correlation  between  Actual  Osage  and  the  Part  History 
predictor. 

The  second  probability  value  refers  to  a  constant. 
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COBBABD>  •***  soaa 

DM  ADJUSTED  a°&?55|4  *  H9*§?|f8 

ADJUSTED  0.1801  0.0324 

STD.  DET.  OF  B8SXDUALS  »  2.2797E*0B 

BO RSAL°CUflOLATIVE  PBOBABXLITT  PLOT  OF  BESXDOALS 


♦  1 


-1 


-2 


,  ,ii  V 

5 

A 

v*  I 


1 

8 


♦ 

♦  3 
♦  2 


5  .1 
1  6 


-3 


-5 


'-i  -i  a  i 

FBEQUE5CT  DXSTHXBOTXO« 

•  1H2*  C1B17 


•  2 


*  *4 - -i - 4 

bote:  fh^oebc^s  0^^15^501^*0  ?r|5 

STD? DET  “*°2.27t7E*08 
SKBUHESS  »  8.59408-01 

KDBTOSXS  *  1. 80 34 S- 01  _  — 

STUDEBTIZED  BADGE  ■  4.048  9E*00 

SABPLE  SZZB  -  100 
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B.  AVERAGE  REGIOVAL  OSAGE  AS  A  PBEDICTOB  OF  ACTOAL  OSAGE 
COHSAHD>  ****  PROS  **** 


DISTBIBOTIOS  *  STOD  ' 

1  OPTIOH  » 

I  * 

DEGBEES  OF  FREEDOM 

S 

98 

■ 

PB (L<T<0) 

3 

0.4217 

L 

3 

0 . 1  98  0 

0  * 

9999.0 

PR (L<T  <0 ) 

< 

0.0001 

L 

3 

7.6620 

0  * 

9999.0 

The  first  probability  value  M0.4217"  being  greater  than 
0.05  allows  us  to  nake  the  following  stateaent: 


At  the  95*  confidence,  level  we,  aay  not  reject 
Hypothesis  that  the  slope  of  the  regression  1 
is  zero. 


.  the 
me 


That  is,  we  »ay  not  reject  the  hypothesis  that  there  is  no 
correlation  between  Actual  Osage  and  the  Average  Regional 
Osage  predictor. 

The  second  probability  value  refers  to  a  constant. 
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COHHANB>  •***  COBB  •  *** 


VABXABLE 
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♦ 
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S» 

♦ 
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5  15  6  2 

• 

• 

«■» 

■»  « 

Jr’ 

• 

£ 

1 

«»• 

1 

1  t 

w*« 

! 

:  :  |— 

IBS 
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STATISTICAL  FORECAST 
CALCULATION  •  EXAMPLE 
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